



ANNOUNCEMENT. 


The present Volume completes this Scries of Tracts on Phy- 
sical Science, and its applications. In bringing the Work thus 
to a close, the purpose of the Author and Publishers has been to 
confine the collection within such a limit of bulk and price as 
may be compatible with the leisure and the means of the great 
majority of its Subscribers. The whole series is now comprised 
in the moderate limits of twelve single volumes, in ornamental 
boards, at 185., or six double volumes, in cloth, lettered, at 21#. 

A desire having been generally expressed that the Series 
should have been continued, the Publishers state with pleasure 
that they have made arrangements for the publication of 
another popular Work for general circulation by the same 
Author, of which full particulars will be hereafter announced. 

This New Series will be commenced as soon as Dr. Lardnor 
has completed some other works which he has undertaken. 
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THE PRINTING PRESS. 

— 

CHAPTER I. 

1. The improvement of the art not promoted by men of letters and 
science. — 2. General signification of printing. — 3. Printing by models 
in relief. — 4. Method of engraving the block. — 5. Antiquity of this 
art. — 6. Invention of movable type. — 7. Use of movable types for 
printing successive books or parts of a book. — 8, Process of printing. 
— 9. Composition. — 10. Quadrats. — 11. Use of the chase. — 12. 
Imposing. —13. Reading and correcting. — 14. Successive operations 
in printing. — 15. Inking.— 16. Inking-rollers. — 17. Stanhope press. 
— 18. Printing-machines. — 19. General description of them. — 20. 
Single printing-machines. — 21. Double printing-machines. — 22. Per- 
sp^ive view and description of Applegath and Cowper’s double 
printing-machine. 

1. It is a remarkable fact, that printing, which has so far 
transcended all other arts in the influence it has exerted in the 
advancement of knowledge and the progress of the human race, 
owes almost nothing to the class devoted professionally to letters 
and the sciences, and on whom it has, nevertheless, bestowed the 
largest measure of advant^e. 
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2. Printing, in its most general sense, is the name given to all) 
processes in the arts, by which the same forms or characters are* 
indefinitely multiplied, by the impressions of the surface upon 
which they are fmrmed repeatedly and successively, upon the 
surface to which they are to be transferred. Thus, in calico* 
printing, the same figures are transferred in rapid succession to 
different pieces of cloth, or to different parts of the same piece, by 
means of blocks or rollers, upon which the figures are produced, 
either in relief or intaglio^ that is, either in raised or sunken 
characters. In such cases the blocks, or rollers, are pressed in 
succession on the surface of the cloth to be printed, being however* 
previously smeared with colouring matter. In the printing of 
copper or steel engravings, the design is produced by the engraver- 
in lines sunk in the surface of the copper or steel by the engraving 
tool. These lines being filled with the printing-ink, and all 
other parts being carefully cleaned, the plate is impressed on the 
paper with an intense pressure by means of a press specially 
adapted to that purpose. The paper being previously moistened,, 
absorbs the ink from the lines in which it is deposited, and 
exhibits after the impression a perfect copy of the engraving, — 
the sunken lines of the engraving being represented on the paper- 
by corresponding lines in ink. 

3. In wood-engravings, and in ordinary book- printing, the 
original from which the impressions are taken is in relief. A 
model in relief of the page to be printed is formed in metal called 
type-metals consisting of lead rendered hard by being alloyed 
with a small proportion of antimony. The surface being smeared 
with the colouring-matter called printing-inky is impressed upon 
the paper, and n facsimile of the original relief is thus produced. 

4. In the earliest and rudest attempts at printing, a manu-. 
script page was attached to the surface of a block of wood, 
which was carved into relief corresponding with the characters- 
of the manuscript. The impression i)roduced by this means was 
necessarily a facsimile y more or less accurate, of the manuscript 
itself. 

5. The method of printing by means of blocks of wood, or 
metaj, carved in relief, is the earliest example on record of the 
practical use of the art which, in its more improved state, has 
exercised so important an influence upon civilisation. According- 
to some antiquarian authorities, the art of producing characters in 
this way may be traced as far back as the building of Babylon. 
The characters found upon bricks, taken from the supposed site of 
that city, having been undoubtedly printed by the method here 
described. We are in possession of metal stamps, with words- 
engraved in relief, which the Romans made use of to mark their 
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various articles. If the modem art of making paper had been 
known in those remote times, it is very probable that the art of 
printing books would have existed at a much earlier date than 
that of its actual commencement, for with the same kind 
of stamps precisely, as those by which the Roman tradesmen 
marked their wares, books might have been printed, and the same 
engravings which adorned the shields and pateras of ancient 
times might, by the aid of paper, have spread the intelligence of 
Greece and Italy over the world. 

According to Du Halde and certain missionaries, the art of 
printing from blocks carved in relief was practised in China fifty 
years before the Christian era ; and, from the early commercial 
intercourse of the Venetians with that country, there is reason to 
believe that the knowledge of this art, in its application to the 
multiplying of books, was originally derived from thence, for 
Venice is the first place in Europe in which it is recorded to have 
been practised. 

Its first application was to the production of playing cards and 
religious prints, and when the art was first extended to books 
they were printed by carving each page upon a separate block. 
This process of carving the characters in relief, which was probably 
executed by attaching the manuscript to the face of the block 
and engraving from the manuscript, will afford an easy and 
obvious explanation of the diversity of characters found in ancient 
books printed from such blocks, and will explain the great simi- 
larity which exists between books thus printed and manuscripts. 
This similarity was increased by their being printed on one side 
of the paper only, the indentation produced by the impression 
being removed by burnishing the back. Two leaves were then 
pasted together, making such a perfect facsimile of the manu- 
script, as to require, even at the present day, great discrimination 
and much chemical skill to distinguish such books from real manu- 
scripts ; and as they have no printers’ names, dates, or places affixed 
to them, it is impossible to ascertain by whom, or when, or where 
they were executed. The fabrication of these pseudo-manuscripts 
involved the first introduction of the art of printing. 

6. Movable Type*.-— About the middle of the fifteenth century 
the art of printing in this rude manner acquired considerable 
extension ; but as each separate work required to have separate 
blocks for each page, and since the blocks for one work were 
altogether useless for another, the printers soon began to feel the 
inconvenience arising from the storage of such numerous collections 
of blocks, to say nothing of the expense of candng them. They 
were, therefore, stimulated to seek for some method less costly 
and cumbrous, by which the models in relief of the pages could be 
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produced, and ao that the materials of the model of any one page 
might be afterwards useful, in the formation of the models of 
other pages. The discovery of the means of accomplishing this 
object by movable types oonstitutes the most importwt epoch in 
the history of printing, and is sometimes even regarded, in all 
essential respecte, as the invention of printing itself. After it had 
undergone some successive improvements, it resolved itself into 
the production of models in relief of the letters of the alphabet, 
formed upon the extremities of small bars of metal, which 
being properly selected and placed in juxtaposition, formed the 
words and letters of a page. Such are the type^ of the modem 
printer. 

The honour of the invention of movable types has been disputed 
by two cities, Haarlem and Mentz. The claims of Haarlem rest 
chiefly upon a statement of Hadrien Junius, who gave it upon the 
testimony of Cornelius, alleged to be a servant of Lawrence 
Coster, for whom the invention is claimed. The claims of Mentz, 
which appear to be more conclusive, are in favour of Peter 
Schcefler, the assistant and son-in-law of John Faust, better 
known as Dr. Faustus. The first edition of the Speculum humants 
salvationis was printed by Coster at Haarlem, about the year 
1440, and is one of the earliest productions of the press of which 
the printer is known. The celebrated Bible, commonly known as 
the Mentz Bible, without date, is the first important specimen of 
printing with movable metal types. This was executed by Guten- 
berg and Faust, or Fust, as it is sometimes spelt, between the years 
1450 and 1455. The secret of the method then becoming known, 
presses were speedily established in all parts of Europe, so that 
before the year 1500 there were printing-ofiices in upwards of 
220 different places in Austria, Bavaria, Bohemia, Calabria, the 
Cremonese, Denmark, England, Flanders, France, Franconia, 
Frioul, Geneva, Genoa, Germany, Holland, Hungary, Italy, 
Lombardy, Mecklenberg, Moravia, Naples, the Palatinate, 
Piedmont, Poland, Portugal, Home, Sardinia, Upper and Lower 
Saxony, Sicily, Silesia, Spain, Suabia, Switzerland, Thessalonioa, 
Turkey, Tuscany, the Tyrol, Venice, Verona, Westphalia, 
Wurtemberg, &o. 

This vast and rapid extension of the art, combined with the 
skill which the earlier printers displayed in it, seems to be totally 
incompatible with the date assigned to the invention, and it is 
more probable, that the art having been long practised in private 
under continued attempts at secrecy, it at length broke into 
publicity after it had already attained a considerable degree of 
perfection. 

7. When the page of a book is formed by properly combining 
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the types, and a sufficient number of copies of it produced by the 
process of printing, the types which form it are disengaged and 
separated and used to form other pages of the same or other 
books. Thus, while in the first attempts at printing, each model 
of letter in relief never did any other duty than the printing of 
the very book for which it was formed, the type of each letter in 
printing with movable types is transferred from page to page, 
and is used successively in the printing of an indefinite numW of 
pages of the same or different works. 

8. The prooeaa of printing, then, consists in a certain suc- 
cession of operations, the first of which is putting together the 
types so as to form lines and pages ; the second, putting together 
these pages in such a manner, that when impressed upon sheets, 
and the sheets folded, they will succeed each other in the proper 
order. The subsequent operations of folding, stitching, and 
combining these sheets together, so as to form a volume, is the 
business of the bookbinder. 

9. Oompoaition. — The process of putting the types together is 
called composing^ and the person who performs this operation is 
called a compositor. He stands before an inclined desk, as shown 
in the view of the composing-room (tig. 1), which is divided into 
a number of compartments of different sizes. A, B, in each of which 
are placed a certain number of types of a particular letter. By 
practice he learns without hesitation to direct his hand to the 
compartment which contains the letter he wants, without removing 
his eye from the manuscript which lies before him. He holds in 
his left hand an instrument called a compoaing-^stickj which is so 
formed as to receive the types in successive juxtaposition, until 
the requisite number have been placed to form a complete line, 
after which another line is composed in like manner, and thus 
line after line is composed until a complete page has been formed. 
The spaces between words are made by the insertion of small 
bars called quadrats^ similar to those of type, but having no 
letter cast upon their ends, and the spaces between line and line 
are produced by the insertion of thin plates of metal called 
leads. When the lines are considerably separated from one 
another, they are accordingly said to bo “ leaded.^' When a 
page has been composed the compositor ties a cord round it, 
called a page^cordy to hold the types of which it consists pro- 
visionally together, and placing it apart, proceeds to form another 
page, and so on. 

10. Since every line of the same page must necessarily have the 
same length, whether the types which compose it fill out that 
length or not, any deficient space is filled by quadrats placed at 
the most convenient points between the words. 
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In like manner the blank parts of last lines of paragraphs 
«r6 filed with quadrats. 

11. When the pages of one side of a sheet have been thus com- 
posed, they are placed in the divisions of an iron form called a chase ^ 
€, D, several of which appear in the view of the composing-room, 
fig. 1. These chases, of course, vary in their form and mode of 
division according to the size and number of the pages which form 
a sheet. We have here supposed the pages which are composed 
and arranged in the chase to be those which ore required to be 
printed on one side of the sheet. A similar number are composed 
and similarly put together in another chase, being those to be 
printed on the other side of the sheet. 

12. Imposing. — The process of arranging the pages in the 
chase is called “imposing.” 

13. Readers and Correctors. — Wlien the pages composing 
each side of the same sheet have been thus “ imposed,** and the 
■types securely fastened in the chase by proper wedges, the chases are 
I)rought to a printing-press, which will be presently described, 
where a single impression is taken from them, called the Jirst 
proof, which, being properly folded, is taken to a person called 
the “ reader,** who has always a boy capable of reading the 
manuscript to assist him. While the boy reads the manuscript, 
the reader** follows him upon the proof, which he carefully 
•examines, and upon which he marks the errors of the compositor. 
The proof is then returned to the compositor, who corrects the 
errors indicated by the reader, and a second impression is then 
taken with more core, and generally on better paper. This is 
called a clean proof, and is again examined by the reader to 
ascertain whether the compositor has corrected all the errors 
previously indicated ; and if there are none uncorrected, the 
proof is then sent to the author. In good printing-offices there are 
few or no press errors found in the author’s proof, those corrected 
by him being in general errors which had been overlooked in his 
•own manuscript, or corrections of language suggested to him in the 
revision of the sheet. 

14. After the sheet has received the correction of the author, 
the form to be printed is laid upon a horizontal table, with the 
faces of the types uppermost, and the following operations are 
•executed: — 1st. Printing-ink is applied to the faces of the type, 
M evenly that there shall be no blotting or inequalities in the 
printing; 2nd. The sheet of paper to be printed is laid upon the 
form so as to receive the impression of the type in- its proper 
position, and in the centre of it ; 3rd. This paper is urged upon 
■the type by a sufficient pressure to enable it to receive the printed 
•ch^gracters, such pressure, however, not being so great as to cause 
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the type to penetrate or deface the paper; 4th. The paper is, in 
fine, when thus printed, withdrawn from the type and laid upon 
a table, where the printed sheets are collected. 

Id. Iftking. — ^In the old process these operations were per* 
formed by two men, one of whom was employed to ink the types,, 
and the other to print. The former was armed with two bulky 
inking-balls, consisting of a soft black substance of leathery 
appearance, spherical form, and about twelve inches in diameter. 
He flourished these with dexterity, dabbed them upon a plate 
smeared with ink, and then with both hands applied them to the 
faces of the types until the latter were completely charged with 
ink. This accomplished, the other functionary — ^the pressman- 
having prepared the sheet of paper while the type was being 
inked, turned it down upon the type, drew it under the press, 
and with a severe pull of the lever gave the necessary pressure by 
which the paper took the impression of the type. A contrary 
motion of the apparatus withdrew the type from under the press, 
and the pressman, removing the paper now printed, deposited it 
upon a table placed near him to receive it. The same series of 
operations was then repeated for producing the impression of another 
sheet and so on. In this manner two men in ordinary book-work 
usually printed at th^ rate of 250 sheets per hour on one side. 

16. ^ InkingToUera. — One of the first improvements which 
took place upon this apparatus consisted in the substitution of a 
cylindrical roller for the inking-balls. This roller was mounted 
with handles, so that the man employed to ink the type first 
rolled it upon a fiat surface smeared with ink (fig. 2), and having 
thus charged it, applied it to the type form, upon which he rolled 
it in a similar manner, thus transf^erring the ink from the roller 
to the faces of the type. The substitution of these inking-roUera 
for the inking-balls constituted one of the most important stepa 
in the modem improvement of the art of printing. The rollera 
were composed of a combination of treacle and glue, and closely 
resembled caoutchouc in their appearance and qualities. 

17. Stanhope Press. — The process by which these operations 
were executed, assumed in the course of years a great variety 
of improved forms, and one of the most celebrated and most uni- 
versally adopted having been supplied by the inventive geniua 
of Earl Stanhope, has accordingly retained his name, and is 
known as the Stanhope press. This machine, which, resembling all 
other improved presses in its general features, and serving, there- 
fore, as an example of hand-presses in general, is shown in fig. 3. 
The two principal parts of the machine sae firsts that which pro- 
duces the pressure, and the second, that which supports the paper. 

The former is a massive frame of cast iron, formed in a single 
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yieoe, m the upper part of u-hich ie a nut, in whi J a 
moves— ^the point of which acts upon the upper ^ ’ 

which is flx^ into a dovetailed groove 
Tertical bars of the frame. This slider has atohed to ite lw« 
.^d a square plate, called the platten, wlueh rises and ^ 
according as the screw is turned in the one dir^faon or the oth^. 
The weight of the platfendg. 3, a, and slider, whi^ is consid^able, 
18 counterpoised by a heavy weight c suspended by a lever^behmd 
the press. Theflattable, called the camtfye, upon which the form 
-of types is laid, is moved backwards and forwards by mea^ of a 
winch, which appears in fig. 3. By means of this winch, and 
the rack or band with which it is connected, the carriage wi^ 
the type form can be moved by the pressman alternately back- 
wards and forwards, so that it can be brought under the platten, 
and after having received the pressure, can be removed back to 
its first position. The platten is made to impart the pressu^ by 
means of a lever called the ^nee lever, an expedient which is 
much used in the arts in cases where any intense pressure is 
required to be produced through a very limited space. The 
mechanical efiect of this species of lever will be understood by a 
reference to fig. 4, where a b is a metal rod, having a fixed point 

of support A on which it works ; 
** another bar g c is jointed to it 

at c, a point intermediate be- 
tween A and n. This bar c G 
is jointed at G to a plate such 
as », or any other object to 
which it is desired to trans- 
mit any intense force acting 
through a very limited space, 
as, for example, in the present 
case, where the paper is pressed 
upon the type by a plate which 

a <5# 1.^ is driven upon it by a sudden 

n,r ^ I Jk and s^ere force. The handle 

B of the lever being presfifecfcn 
the direction of the arrOw, ex- 
* erts a corresponding pressure 

on the point c, which is driven 
in the direction c n perpendicular to a b. This motion c n is re- 
solved into two by the parallelogram of forces, one in the direction 
•c £, and the other in the direction c F ; the latter exerts pressure 
on the fixed point a, and the other acts upon the plate nby means 
^f the joint g forcing it downwards. As the joint c advances, the 
nngle a c g becomes more and more obtuse, and the component c e 
10 
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-of the force acting at b, hears a rapidly increasing proportion to 
the force itself, so that when the levers a c and c a come nearly 
into a right line, the pressure exerted at b is augmented at a in an 
almost infinite proportion. 

In working the press, the pressman places a sheet of paper to 
be printed upon the frame f, called the tympan^ where it is held 
in its place by turning over it the frame o, which is supplied 
with rods or cords corresponding to the spaces between the pages 
<of the form. While the pressman is thus employed, his assistant 
is engaged in inking the types with a roller, as shown in fig. S, 
When this has been accomplished, the pressman turns down the 
tympan carrying the paper upon the types, and then, by turning 
the handle, moves the carriage with the type form upon it under 
the platten, and applying his hand to the handle above him 
presses the platten down upon the tympan carrying the paper, and 
by hieans of the knee lever produces a sudden and severe pressure 
by which the paper receives the impression of the type. The 
handle is then moved in a contrary direction, the platten being 
raised from the type form, and by turning the other handle the 
carriage with the type form is removed from under the platten. 
The pressman then raises the tympan from the types, and taking 
the printed sheet off, replaces it by a fresh blank sheet, over which 
he turns the frame as before; and while he is performing this 
operation, his assistant is occupied in inking the types, after 
which the same operations are performed, and another sheet is 
printed, and so on. 

18. Printing XHEaehines. — The printing presses which served 
the purposes of publication for some hundred years, during which 
they received no other improvements than such as might be 
regarded merely as modifications in the detail of their mechanism, 
have been almost entirely superseded by engines of vastly increased 
power and improved principles of construction. Although these 
admirable machines differ one from another in the details of their 
mechanism, according to the circumstances under which they are 
■applied, and the power they are expected to exert, they are 
nevertheless characterised by certain common features. 

19. The form to be printed is laid in the usual manner upon a 
perfectly horizontal table, with the faces of the types uppermost ; 
and upon the same table, in juxtaposition with the form, and 
level with the faces of the types, or nearly so, is placed a slab 
upon which a thin and perfectly regular stratum of printing-ink 
is diffused ; the table thus carrying the form and inking-slab is 
moved by proper machinery right and left horizontally, with a 
reciprocating rectilinear motion through a space a little greater 
than thelength of the form. 
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AboT6 the form and slab are mounted', also in juxtaposition, a 
large cylinder or drum, which carries upon it the sheet of paper 
to be printed, and three or four inking-roUers similar to that 
already described. There are also three or four other rollers in 
juxtaposition with the latter, one of which supplies ink to ,the 
others, which severally spread it in a uniform stratum upon the 
slab. The paper-cylinder and the inking and diffusing rollers are 
so mounted, that when the horizontal table, carrying the form 
and inking slab, moves alternately backwards and forwards under 
them, they roll upon it. 

In this way, when the table is moved towards the rollers, the 
form, passing under the inking-rollers right and left, receives 
from them the ink upon the face of the type ; and at the same time 
the slab, moving backwards and forwards under the diffusing 
rollers, receives from them, upon its surface, the proper stratum 
of ink to supply the place of that which was taken from it by the 
inking-rollers. 

20. Single Printing Maobinea. — When the table is moved 
alternately towards the other side, the form, with the types 
already inked, passes under the cylinder carrying the paper, the 
motion of which is so regulated as to correspond exactly with the 
rectilinear motion of the table carrying the form. The cylinder 
is urged upon the type with a regulated force, sufficient and not 
more than sufficient, to impress the type upon the paper. 

The sheets of paper are supplied in succession to the cylinder, 
and held evenly upon it by bands of tape while they pass in 
contact with the type. After receiving the impression of the 
type, the tapes which bound them are separated, and the printed 
sheets discharged. 

Such is the general principle of single printing-machines. 

21. Double Printing Machines. — In these the table which 
is moved alternately right and left, carries two forms, one corre- 
sponding to the pages to be printed on one side of the sheet, and 
the other to those to be printed on the other side. There are also 
two inking-slabs, one to the left of the left-hand form, and the 
other to the right of tho right-hand form. There are also two 
paper cylinders, and two* sets of inking and diffusing-rollers. 
Each sheet of paper to be printed, being held between tapes, as 
already described, is carried successively round the two cylinders, 
being so conducted, in passing from one to the other, that one 
side of it passes in contact with, and is printed by, one form, and 
the opposite side by the other form. The proportion of the 
motions is so nicely regulated, that the impression of each page or 
column made on one side of the paper, corresponds exactly with 
that of the corresponding page or coliunn on the other side. 
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This general description will be more clearly understood by 
reference to the following illustratiye diagrams : — 

Fig. 5 illustrates the operation of a single printing>machine. The form 
A and the inking-slab b, are placed on a horizontal table ; above them in 
the paper-cylinder n, the inking-rollers i i i, the diffusing-rollers c c, and 
the rollers c, which supply the ink to the diflfusing-rollers. The first of 
these, 0, is called the ductor roller. When the table x Y is moved towards 
the left, from y to x, the form a passes under the inking-rollers i i t, and 
receives ink from them on the fisices of the type ; at the same time the slab 
B passes under the diffusing-rollers c c, and receives from them a supply of 
ink to replace what it has just given to the inking-rollers. 

Fig. 5. 
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When the table is moved in the contrary direction, from x towards y, the 
form once more passes under the inking-rollers, and afterwards under the 
|)aper-cylinder, which l*eiug pressed upon it, while it moves in exact accord- 
ance with it, the types discharge upon the paper the ink they have just 
received from the rollers ; and the printing of the i>aper being thus effected 
on one side, the sheet is discharged from the tapes. The table is then 
again moved to the left, and the types are again inked, and the same effects 
ensue as have already been descrilted. 

In this manner sheet after sheet is printed. 

The inking and diffusing-rollers rest upon the slab and 
types by their weight, the axes projecting from their ends being 
inserted in slits formed in upright supports, attached to opposite 
sides of the frame which supports the moving table. The two 
upright pieces in which the axes of each roller are inserted, are 
not placed in exact opposition to each other ; the consequence of 
which is, that the rollers are placed with their axes slightly 
inclined to the sides of the table. This arrangement is attended 
with a very important effect : for, in consequence of the friction 
or adhesion of the rollers with the slab, they are moved alternately 
in contrary directions with the longitudinal motion across the 
table. This motion, combined with their rolling motion upon the 
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gkt, aid* materially in diffliaing the ink in a perfectly unifoim 
stratum. 

An ilhistrative diagram of a double printing-macbine is shown in fig. 
where p and D' are the two pai)er-cyliDders ; a and a', the two forms j: 
i < » and »' i' the inking-roUere ; c e and e' c', the difihsmg-roUere ; and 
c and (/ the ductor-roUers. The pile of paper placed on the table k, is 

rig. 6. 



/supplied sheet by sheet to the tapes between which it is held ; and being 
pnsned over the roller b, and under the cylinder p', it receives the impres- 
sion of the types of the form a! ; it then passes successively over the roller 
t', under r, and round the cylinder d, at the lower point of which its 
unprinted side conies into contact with the types of the form A, by which 
it is printed ; after which, the tapes opening, it is thrown out by the cen- 
trifugal foTCe upon the receiving table f. 

It will be apparent by the figure, that while the sheet is printed on one 
side by the form a', the form a is passing between the inking-rollers t i /, 
and the slab b ; and on the contrary, while the paper is printed on the other 
side by the form a, the form a' is passing between the inking-rollers i' V V 
and the slab b'. 

In this manner, by each alternate motion from right to left, and 
from left to right, a sheet is printed on both sides. 

22. A perspective view of a double-acting printing machine, as 
constructed by Messrs. Applegath and Cowper, is shown in fig. 7, 
A boy, called the layer-on^ e, standing at an elevated desk, 
pushes the paper, sheet by sheet, towards the tapes, which, closing- 
upon it, carry it over a roller ii, passing under which it is carried 
to the right of the cylinder n, under which it passes, and being 
carried up to the left of it, passes successively over the roller T, 
under the roller t', over the cylinder D, and drawn along its left 
side, after which it passes under it, and is flung into the hands of 
a boy, F, called the taher-offy seated before a table placed between 
the two cylinders i) and D', upon which he disposes the sheets as 
he receives them. 

In this manner the layer-on feeds the machine in constant 
succession with blank sheets, which, being carried under the 
cylinder n, are printed on one side, and afterwards under the 
cylinder d', are printed on the other, when they are received by 
the taker-ofif. 
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THE PRINTING PRESS. 

The dnctor-roUers, c and c', are kept in revoluHon by endless 
bands, carried over rollers at the lower parts of the frame, ^d 
then over grooved wheels fixed on the axes of the cylinders. The 
table carrying the forms and slabs is moved alternately right and 
left by means of a pair of bevelled wheels, w, under the frame, 
and a double rack and pinion above ; one of the bevelled wheels, 
having a horizontal axis, receives motion from a steam-engine 
or other moving power ; it imparts motion to the other bevelled 
wheel, having a vertical axis. This latter axis has a pinion fixed 
at its upper end, which works in a double rack attached to the 
movable type-table, which is so constructed that the continuous 
rotation of the pinion imparts an alternate rectilinear motion 
right and left to the rack and to the table attached to it. 

The manner in which the tapes lay hold of and conduct the 
paper successively round the cylinders, and finally discharge it 
upon the table of the taker-off, will be easily understood by re- 
ference to fig. 8, page 177. 

c and I) are two grooved rollers, surrounded by an endless band 
which pushes the paper from the table of the layer on towards the 
tapes. The two endless tapes, between which the paper is held, 
are represented in the diagram by the continuous and dotted 
lines, and the direction of their motion round the rollers and 
cylinders is represented by the arrows. It will be perceived that 
opposite the table of the layer-on, the tapes converge, from two 
small rollers d and hj and come into contact at the top of the 
roller e. The edges of the sheets of paper, being advanced from 
the table of the layer-on, are caught between the tapes im- 
mediately above the roller e. 

It must be understood that there are two or three pairs of tapes 
parallel to each other, which correspond to the margins of the 
pages or columns ; but only one pair is shown in the figure. 

The paper being thus seized between the tapes above the roller 
£, is carried successively, as shown in the figure, still held 
between the tapes, under and over r n i and g, until it arrives at 
if where the tapes separate, that which is indicated by the con- 
tinuous line being carried to the roller u, and that by the dotted 
line, over the roller », to the roller k. The tapes being thus se- 
parated the printed sheet is discharged at t, upon the table of the 
taker-off ; meanwhile, the tape indicated by the continuous line 
is carried successively over the roller a, under 5, under c, outside 
dj and is finally returned to the roller e. 

In the same manner the tape indicated by the dotted line is 
carried successively imder the roller k and m, outside », over 
and hf from which it returns to £, where it again joins the other 
tape proceeding from d. 
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CHAPTER II. 

23. Machine ef The Times of 1814. — 24. Improvement of this. — 25. 
Present printing machine of The Times, — 26. Marinoni’s news- 
paper printing machine. — 27. Maiinoni’s book-printing machine. — 
28. Newspapers. — 29. Reporters. — 30. Court newsman. — 31. Foreign 
correspondent. — 32. Newsj>aper statistics. 


23. The first machines constructed upon this improved prin- 
ciple for printing newspapers, were erected at the printing office 
of The Times newspaper, and it was announced in that journal, 
on the 28th of November, 1814, that the sheet which was then 
placed in the hands of the reader, was the first printed by steam- 
impelled machinery. 

By this, with some improvements which the apparatus received 
soon afterwards, the effective power of the printing-press was 
augmented in a very high proportion. With the hand-presses 
previously in use, not more, as we have seen, than 250 sheets 
could be printed on one side in an hour. Each of the two 
machines erected at The Times office produced 1800 impressions 
per hour. 

24. Further Improvement. — The power of the printing- 
machine constructed upon this principle was soon after aug- 
mented, by increasing the number of printing- cylinders to 
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fotu*, tJie prinoiple of the nmohine, however, reniftixiins the 

eau^’'; . . •■*1 

The insdiier in which this was aeooOLplished will ho CAwly 
m^deirstood by the aid of the illustrative diagram, fig. 9, wheife 1, 
fi, fi, and 4, are the printing-oylinders : p p p' p', are the taWes 
of the four layers-on, and o o o' o', lead to those of the 
takers^ff. The course followed by the sheets of paper, in pawg 
to and from the cylinders, are indicated by the arrows* 
rollew are in this case placed at B, between the printing- 
cylinders ; the two type-forms are inked twice, while they moye 
fifom right to left, and twice again while they move from left to 
right. The printing-cylinders are alternately let down upon the 
type end raised from them in pairs ; while the type-table moyes 
from left to right, the cylinders 1 and 3 are in contact with the 
table, the cylinders 2 and 4 being raised from it, and, on the 
oontraiy, when it moves from right to left, the cylinders 2 and 
4 are in contact with it, 1 and 3 being raised from it. 

By this improvement, which was adopted in TAe Times office 
in 1827, the proprietors of that journal obtained the power, then 
unprecedented, of printing from 4000 to 5000 sh^ts per hour on 
one side of the paper. By this means they were enabled to 
satisfy the demands of a circulation amounting to 28000. 

In reference to newspaper-printing, it must be here observed 
that the great object to be attained, is to increase the celerity by 
which printing on one side only of the sheet can be augmented. 
It is found convenient so to arrange the letter-press that the 
matter appropriated to one side of the sheet shall be ready for 
press at an early hour, and may be printed before the contents of 
the other side, in which the most recent intelligence is included, 
can be prepared. Hence the advantage of using machines 
adapted to print one side only with the most extreme celerity for 
newspapers, 

25. Timea ” Frinting-maohine. — This machine continued to 
serve the purposes of The Times newspaper until a later epoch, 
when again the exigencies of the press exceeded even its immense 
powers, and another appeal was made to the inventive genius of 
Mr. Applegath. It was, in short, necessary to provide a machine 
by whi^ at least 10000 sheets an hour co^d be worked off from 
a single form ! 

In considering the means of solving this problem, it is neces- 
sary to observe, that whatever expedient may be used, the sheets 
of paper to be printed must be delivered one by one to the 
madbine by an attendant. After they onoe enter the machine 
they are carried through it and printed by self-acting machinery. 
But in tiie case of sheets so large as those of the news^pers, it is 
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found that 4ihejr cannot be delivered with the necessary precision 
hy manipulation at a more rapid rate than two in five seconds, or 
twenty ifive per miniate, being at the rate of 1500 sheets per hour. 
Now, in this manner, to print at the rate of 10000 per hour, 
would require seven cylinders, to place which so as to be acted 
upon by a type-form moving alternately in a horizontal frame, 
in the manner already described, would present insurmountable 
difficulties. 

In the face of these difficulties, Mr. Applegath, to whom the 
world is indebted for the invention of The Times printing- 
machine, decided on abandoning the rec^irocating motion of the 
type-form, arranging the apparatus so fus to render the motioji 
continuous. This necessarily involved circular motion, and 
accordingly he resolved upon attaching the columns of type to 
the sides of a large drum or cylinder, placed with its axis ver- 
tical, instead of the horizontal frame which had been hitherto 
used, A large central drum is erected, capable of being turned 
round its axis. Upon the sides of this drum are pla^ verti- 
cally the columns of type. These columns, strictly speaking, 
form the sides of a polygon, the centre of which coincides with 
the axis of the drum, but the breadth of the columns is so small 
compared with the diameter of the drum, that their surfaces 
depart very little from the regular cylindrical form. On another 
part of this drum is fixed the inking-table. The circumference 
of this drum in The Times printing-machine measures 200 inches, 
and it is consequently 64 inches in diameter. 

The general form and arrangement of the machine are repre- 
sented in fig. 10, where i) is the great central drum which carries 
the type and inking tables. 

This drum in The Times machine is surrounded by eight 
cylinders, n, n, &c., also placed with their axes vertical, upon 
which the paper is carried by tapes in the usual manner. Each 
of these cylinders is connected with the drum by toothed-wheels, 
in such a manner that their surfaces respectively must neces- 
sarily move at exactly the same velocity as the surface of the 
drum. And if we imagine the drum, thus in contact with these 
eight cylinders, to be put in motion, and to make a complete 
revolution, the type-form will be pressed successively against 
each of the eight cylinders, and if the type were previously 
inked, and each of the eight cylinders suppli^ with paper, eight 
sheets of paper would be printed in one revolution of the drum. 

It remains, therefore, to explain, first, how the type is eight 
times inked in each revolution ; and, secondly, how each of , 
the eight cylinders is supplied with paper to receive their 
impression. 
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Beside the eight paper-cylinders are placed eight sets of inking 
rollers ; near these are placed two ductor rollers. These dnctor 
rollers receive a coating of ink from reservoirs placed above 
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them. As the inking-table attached to the revolving drunr 
passes eaoh of these duotor-rollers, it receives from them a coating 
of i]^, It next encounters the inking rollers, to which it 
delivers over this coating. The types next, by the continued 
revolution of the drum, encounter these inking roDers, and 
receive from them a coating of ink, after which they meet the 
paper-cylinders, upon which they are impressed, and the printing 
is completed. 

Thus in a single revolution of the great central drum the 
inking-table receives a supply eight times successively from the 
ductor-rollers, and delivers over that supply eight times succes- 
sively to the inking rollers, whidi, in their turn, deliver it eight 
times successively to the faces of the type^ from which it is con- 
veyed finally to the eight sheets of paper held upon the eight 
cylinders by the tapes. 

Let us now explain how the eight cylinders are supplied with 
paper. Over each of them is erected a sloping desk. A, A, &c., 
upon which a stock of unprinted paper is deposited. Beside this 
desk stands the layer-on, who pushes forward the' paper, sheet 
by sheet, towards the tapes. 

These tapes, seizing upon it, first draw it down in a vertical 
direction between tapes in the eight vertical frames, until its 
edges correspond with the position of the form of type on the 
printing-cylinder. Arrived at this position, its downward motion 
is stopped by a self-acting apparatus provided in the machine^ 
i£nd’ it is then impelled by vertical rollers towards the printing 
cylinder, these rollers having upon them marginal tapes which 
cany the paper round the cylinder, from which it receives the 
impression of the types. After this the central and lower marginal 
tapes dismiss the sljeet of paper, which the upper ones only become 
charged with, and carry it to its proper place, where the tapes are 
stopped with the paper suspended between them, until the taker- 
off draws the sheets down, ranging them upon his table. These 
movements are continually repeated ; the moment that one sheet 
passes from the hands of the layer-on, he supplies another, and 
in this manner ho delivers to the. machine at the average rate of^ 
two sheets every five seconds ; and the same delivery taking place 
at each of the eight cylinders, there are sixteen sheets delivered 
and printed every five seconds. 

It is found that by this machine in ordinary work between 
10000 and 11000 per hour can be printed ; but with very expert 
men to deliver the sheets, a still greater speed can be attained. 
Indeed the velocity is limited, not by any conditions affecting 
the machine, but by the power of the men to deliver the sheets, 
to it. 
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In case of any misdeHyery a sheet is spoilt, and, consequently, 
the effective performance of the machine is impaired. If, how- 
ever, a still greater speed of printing were required, the same 
description of machine, without changing its principle, would 
be sufficient for the exigency; it would be necessary that the 
types should be surrounded with a greater number of printing 
cylinders. 

It may be right to observe, that the cylinders and rollers are 
not uniformly distributed round the great central drum ; they are 
so arranged as to leave on one side of that drum an open space 
equal to the width of the type form. This is necessary in order 
to give access to the type form so as to adjust it. 

One of the practical difficulties which Mr. Applegath had to 
encounter in the solution of the problem, which he has so success- 
fully effected, arose from the shock produced to the machinery by 
reversing the motion of the horizontal frame, which, in the old 
machine, carried the type-form and inking-table, a moving mass 
which weighed twenty-live hundred weight. This frame had a 
motion of 88 inches in each direction, and it was found that 
such a weight could not be driven through such a space with 
safety, at a greater rate than about forty -five strokes per 
minute, which limited its maximum producing power to 5000 
sheets per hour. 

Another difficulty in the construction of this vast piece of 
machinery was so to regulate the helf-acting mechanism that the 
impression of the type-form should always be made in the centre 
of the page, and so that the space upon the paper occupied by the 
printed matter on one side may coincide exactly with that occu- 
pied by the printed matter on the other side. 

The type-form fixed on the central drum moves at the rate of 
about 80 inches per second, and the paper is moved in contact 
with it of course at exactly the same rate* Now, if by any error 
in the delivery or motion of a sheet of paper, it arrive at the 
printing-cylinder l-80th part of a second too soon or too late, the 
relative position of the columns will vary by l-80th part of 80 
inches — that is to say, by one inch. In that case the edge of the 
printed matter on one side would be an inch nearer to the edge of 
the paper than on the other side. 

This is an incident which rarely happens, but when it does, a 
sheet, of course, is Spoilt. In fact, the waste from that cause is 
considerably less in the present vertical machine than in the 
former less powerful horizontal one. 

The vertical position of the inking-rollers, in which the type is 
only touched on its extreme surface, is more conducive to the 
goodness of the work than the horizontal machine, where the 
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inking-rollers act by gravity ; also any dust shaken out of the 
paper, which formerly was deposited upon the inking-roUers, now 
falls upon the door. 

With this machine 60000 impressions have been taken without 
stopping to brush the form or table. 

26. Marinoni’s Mewapaper Printing-preaa.— Messrs. Marinoni 
and* Co., of Paris, have, within the last few years, constructed 
improved printing presses for newspapers of large circulation, 
several of which have been erected and brought into operation in 
the printing-office of the Paris journal La Presse. This printing- 
machine, which is capable of working off 6000 copies per hour, 
printed on both sides of the paper, is represented in fig. 11. It 
will be perceived that eight men are employed in the process, four 
layers- on and four takers-off. Tlie machine is double, the parts 
at each side of a vertical line drawn through the axis of the fiy- 
wheel being perfectly similar. The manner in which the sheets 
pass to and from the printing-rollers will be more readily under- 
stood by fig. 12, where a is the upper and a' the lower delivering- 
board, and n the upper and n' the lower receiving-board on the 
right, the two delivering and receiving-boards on the left being 
similarly placed. The motion of the sheets, as they are conducted 
to and from the rollers by the tapes, is indicated by arrows, and 
the course followed by each sheet from the moment it leaves the 
delivering-board until it arrives at the receiving-board, is indi- 
cated by the numbers 1, 2, 3, 4, &c. Thus, the sheet delivered 
from the board a is taken by the tapes which pass round the 
roller m, and carried from 1 to 2. Arriving at the lower roller, it 
passes, as shown by the arrow, between the rollers, 3, and is 
carried from 4 under the printing-roller i, where it is printed on 
one side, after which it is carried up between the tapes to 5, from 
whence it is discharged between the ta|)es of 6, and carried up 
over the roller n at 7, from which it is carried down between the 
tapes 8, and thrown, as shown by the arrow, to the tapes 9, by 
which it is again carried under the roller and printed on the other 
side ; after which it is carried up successively between the tapes 
10 and 11 to 12, and finally discharged from 13 at 14 upon the 
receiving-board n. 

The sheet delivered from the lower receiving-board A', follows 
a course precisely similar, entering at V and passing round the 
printing-roller at 2' 3', from which it passes between the tapes 4' 
round the roller n' at 6' 6', and thence from the tapes V 8' round 
the printing-roller l' at 9', by which it is printed on the other 
side ; after which it is carried by 10', 1 T, 12' to the lower receiving- 
board b' at 13'. 

The inking-rollers are shown at E p b and n', and are arranged 
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MABlirONi’s PBINTINO MACHIKE. 

in the usual manner, at t, t', t", r", and t"", to spread the ink on 
the types. 

It will be perceived that the power of this press is equal to that 
of The Times, Ae difference being that The Times prints 12000 
sheets on one side only, while this prints 6000 on both sides. The 
Times machine requires eight layers-on and eight takers-off, being 
double the number required by Marinoni^s press. It must, how- 
ever, be observed that, in the practical management of newspaper 
printing, as conducted in The Times office, the power of Marinoni’s 
press, though in a certain sense equal to that of The Times, would 
bo altogether insufficient ; for it is. indispensably necessary for 
that journal to print 60000 copies on one side of the paper during 
the last five hours of the morning. The matter allotted to the 
other side of the paper is so selected that it can be composed and 
printed in the earlier part of the night, or even of the previous 
day; the pressure falling exclusively on the matter which occupies, 
the other side of the paper, consisting chiefly of the latest intelli- 
gence and Parliamentary reports. 

It may be asked, therefore, how the journal of La Presse, of 
which the circulation, though inferior to that of The Times, is 
still very large, can be printed with the necessary celerity ? The 
answer is, that La Presse does not contain as much as the tenth 
part of the letter-press of a copy of The Times, and that therefore, 
it is found practicable to compose the matter in type twice or 
oftener, so as to produce two or more distinct forms, as they are 
called, which are put to work at as many difterent presses. The 
expense of composition is further economised at the printing office 
of La Presse by stereotyping the matter, which is composed at a 
sufficiently early hour to admit of that process, the stereotype 
plates being melted down the next day. By this expedient double 
or triple composition is only necessary for the intelligence which 
comes too late to allow of being stereotyped, 

27. MarinonPii Book-printing Machine. — A convenient form 
of printing-engine for books, constructed by the same engineers,, 
is shown in fig. 13, by which, however, the sheets are printed 
on one side only. The layer-on delivers the sheets upon the 
board m (fig. 14), from which they pass round the printing 
roller i, and are discharged as indicated by the arrow upon the 
receiving-board K. The rollers for delivering and spreading the 
ink on the types are arranged in the usual way. 

! 28. Ifewspapers. — Of all the applications of printing to the 
uses of life, that which has conduced most to the advancement and 
improvement of the art has been the printing of newspapers. 
These organs of public opinion and intelligence combine the con- 
ditions which require from the printing press the greatest con- 
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ceivable degree of — 
perfection. Ex- 
treme rapidity of 
composition com- 
bined with the 
greatest attain- 
able celerity of 
press- work are 
above all things 
indispensable, 
and how far these 
objects have been 
attained by the 
modem printing- 
machine, will be 
understood by 
what has been 
stated in the 
preceding para- 
graphs. On the 
other hand the 
improvement in 
the machinery of 
printing, which 
the exigencies of 
journalism have 
thus produced, 
have themselves 
reacted on jour- 
nalism in the 
most surprising 
manner, so that 
the feats of art 
now accomplish- 
ed in the esta- 
blishment of the 
London daily pa- 
pers, justly excite 
the admiration 
and the wonder 
of all well-in- 
formed persons. 

These newspapers 

are remarkable 

for the vast mass 


Fig. 14. 
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aad variety of intelligence whioli they contain, the celerity with 
which they are printed and cironlated, and the accuracy and 
copiousness of the reports which they afford of the proceedings of 
nil public bodies. These results are obtained by an enormous ex- 
penditure of money and a minute and judicious division of labour. 
A corps of able and intelligent reporters is maintained, whose duty 
it is to attend the Houses of Parliament, the Courts of Law, Police 
Offices, and all public meetings. These relieve each other at short 
intervals of from half to three-quarters of an hour, when they return 
successively to the office of the journal and there write out in long- 
hand the substance of their short-hand notes. These are imme- 
diately delivered over to the compositor, who proceeds to set them 
up in type, and when a colunm has thus been composed it is handed 
over to the reader, after receiving whose correction it is returned to 
the compositor, who introduces the corrections into the columns of 
type. A proof being taken it is laid before the editor who decides 
the part of the paper it is to occupy, and whether it may need 
alteration or abridgment. It happens thus in the case of long 
debates, and sometimes in the case of long speeches, that a part 
\till be actually set up in type and printed in proof before the 
remainder has been yet spoken. 

29. Reporters. — In appreciating the functions of reporters, it 
is a great though very common mistake, to suppose that their duty 
oonsists merely in reproducing verbally the speeches delivered. 
If this were to be done no journal, however great its magnitude, 
would be sufficient to contain even a small fraction of the matter 
reported. The reports are therefore necessarily abridgments, with 
the exception of certain passages of striking importance, occurring 
occasionally in the speeches of the most eminent public men, and 
these can always be distinguished in the reports by the use of the 
first person instead of the third. The- reporter takes therefore 
not verbatim notes but merely abridged memoranda of What is 
said, and as he remains in attendance only for the brief interval 
of half an hour or a little more, his memory by practice enables 
him to supply the lacunse, so that when he arrives at the office of 
the journal he is enabled to write out a good abridged report of 
what he has heard. It is in this admirable capacity for judicious 
abridgment that the skill of the reporter, and more especially of 
the parliamentary reporter, is shown. 

It will easily be understood from what has been here stated, that 
a well-oohducted journal in London is obliged to maintiiin a large 
corps of reporters. They are generally classified according to 
their particular abilities and fitness. The highest ckss being 
parliamentary rep<»ters, who are jonderstood to be paid at the rate 
of about 5^. per week during the session of parliament, - The law 
SO 
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reporters are a peciiliar class requiring special qualifications^ and 
are generally barristers who have not yet obtained sufficient 
practice to occupy their time. Police reporters form another 
distinct and pecidiar class, who supply that part of the journals 
to which are consigned the proceedings of the police offices. 

In fine, there is anothet class of agents for the supply of 
general intelligence, whose business it is to collect information on 
all subjects in all parts of the town. 

30. The Court Newsman is not to be overlooked. This per- 
sonage supplies daily to all the journals, those paragraphs in which 
are found recorded the movements of the Sovereign and the Royal 
Family ; who was invited to dinner at Windsor or Buckingham 
Palace ; what music was performed at and after dinner, and by 
what band, and so forth. The same functionary is entrusted to 
supply accounts of the various parties and entertainments given by 
the aristocracy. 

31. Foreign Correspondents. — Among the staff of daily 
London journals the foreign correspondent holds a conspicuous 
place. The principal journals maintain such a correspondent in 
all the principal foreign capitals, and, in case of war, such a cor- 
respondent accompanies the army and the fieet. The foreign cor- 
respondents maintained in the principal European capitals usually 
keep bureaux, and have assistants, who collect news and supply 
reports. A despatch is forwarded to London always once, and 
•often twice, a day, the telegraph being resorted to when news of 
considerable importance is required to be transmitted with more 
promptitude, 

32. The rapidity with which the circulation in newspapers has 
increased in the United Kingdom during the last century, but 
more especially during the latter half of it, may be judged from 
the following facts. 

In the annexed table is given the total number of newspapers 
circulated in this country during the years expressed in the first 
column : — 


Years. 

Number 

circulated. 

Average annual 
increase. 

1751 

1801 

7 , 41^575 

16,08^08^ 

*73450 

1821 

24,862186 

438855 

1831 

35,198160 

59,936897 

*,033597 

2,473873 

1841 

1849 

78,79*934 

1 *,357005 


Thus it appears, that while the average annual increase of the 
circulation of journals, in the latter ^f of the last century, 
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was limited to 173000, the ayerage increase during the first 
twenty years of the present century was 439000 ; the next ten 
years this rate of increase was more than doubled, and in the 
succeeding period it was augmented in a sixfold ratio. The 
total circulation in 1849 was more than ten times the circulation 
in 1751. 

By comparing the circulation of journals with the population, 
an estimate, may be obtained, if not of the diffusion of know- 
ledge in general, at least of that description of information of 
which journalism is the vehicle. In the following table are 
given the amount of the population at the epochs above men- 
tioned, and the number of journals circulated per head of the 
population. 


Years. 

population. 

Number of 
! journals i>er head. 

1751 

6,377574 

10, 942646 

1 

1801 

**5 

1821 

14,391631 

i *’7 

1831 

16, 5393*8 

1 2*1 

1841 

18,720394 

3*2 


Thus, relatively to the population, the circulation of journals 
had increased in a twofold proportion in 1841 , as compared with 
1821, and in a threefold ratio as compared with 1751. Taking 
the population of Great Britain in round numbers m 1849, the 
ratio of journals to the populations would be 4 to 1, being an 
increase in the same ratio on the circulation in 1751. 

So far, therefore, as the circulation of journals can be regarded 
as an exponent of the diffusion of knowledge, a greater amount 
of gener^ information prevails now than prevailed a century ago 
in a fourfold proportion. 

Since the dates of these returns, a vast change has been made 
in the circulation of journals, by the abolition of the newspaper 
stamp and reduction of the advertisement duty. Before the 
abolition of the stamp, the amount of the daily circulation of 
each journal was known by the Stamp-office returns. The 
average daily circulation of The Times was then about 40000, or 
about double the aggregate circulation of all the other morning 
journals. Since the abolition of the stamp duty, and the conse- 
quent reduction of the price of the journals, a considerable 
increase of circulation has taken place as well in The Times as in 
the other journals, and we shall not perhaps overrate the present 
circulation of the London morning newspapers if we put them 
down in the aggregate at 100000. 
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THE CRUST OE THE EARTH; 

on, FIRST NOTIONS OF GEOLOGY. 

-■ — 

CHAPTEE I. 

1. TIio earth, a subject of long-continued observation and investigation. — 
2. Mathematical geography. — 3. Physical geography. — 4. Phenomena 
of the ocean.s and seas included iu it. — 5. Hydrology, meteorology, 
and climatology. — 6. Political geography. ^ — 7. General subject of 
geography, — 8. Geology. — 9. Original fluidity of the eai-th inferred 
from its spheroidal form. — 10. Tliis form ascertained by observation 
and measurement. — 1 1 ; The solid crust was formed while the earth was 
in a state of rotation.~12. Increase of temperature from surface down- 
wards. — 13. Within the crust the earth still in a state of fusion. — 14. 
Subject of geology. — 15. How the structure of the crust to a great depth 
is rendered manifest. — 16. Section of the crust wliere no disturbance 
has taken place — strata occur in a fixed order. — 17. Kocks in their 
geological sense. — 18. Their classification in five principal divisions. — 
19. Lowest bed, being tlie foundation of the crust, consists of igneous 
rocks produced by the superficial cooling of the molten materials of the 
globe. — 20. Materials of which the igneous rocks are formed. — 21. 
Constituents of granite, feldspar, mica, quart*. — 22. These components 
of igneous rocks agglomerated mechanically. — 23. But the components 
themselves are chemical compounds. — 24. Varieties of granite — 
porjiliyry. — 25. Gneiss. — 26. Secondary rocks. — 27. Transition or 
metamorpluc rocks. — 28. Stratification. — 29. Produced by aqueous 
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deposition. — 30. Stratified rocks of aqueous origin. — 31. Circum- 
stances corroborating this inference. — 32, Stratified and unstratified 
rocks. — 33. Condition and materials of transition rocks. — 34. Animal 
remains found in them. — SfS. No vegetable remains — probable reason. 
— 36. Fish and annelidans. — 37. Stratified rocks in general. — 38. 
Secondary rocks. — 30. Vast quantity of organic remains deposited in 
them. — 40. Tertiary rocks. — 41. Diluvium, alluvium, and Tsui*face 
soil. — 42. Subdivision of these principal groui)s of strata. — 43. 
General inference as to the condition and ages of stratified rocks. — 
44. They constitute a chronological scale. — 45. Complexity and 
defects of geological nomenclature. 

1. It cannot be matter of surprise that of all the great bodies of 
the universe the earth, which has been assigned by the Creator as 
the habitation of the human race, has received the largest share 
of attention on the part of those who have devoted their faculties 
to the observation and investigation of nature. Regarded in 
different points of view it has formed the exclusive subject of 
several branches of science. 

2. Taken in its entire mass, and considered in relation to the 
other bodies of the solar system, it constitutes the subject of 
MATHEMATICAL G EOoitAPiiy , which includes the solution of such 
problems as the determination of the magnitude of the earth — 
its exact form— its relation to tlie other bodies of the solar system 
— its annual motion round the sun which produces the apparent 
movement of that luminary through the signs of the Zodiac — its 
diurnal rotation which produces those apparent motions of the 
firmament which cause the vicissitudes of day and night — the 
peculiar position of its axis which produces the succession of 
seasons — the division of the globe into zones and climates, and 
the system of imaginary circles of latitude and longitude which 
supply the means of expressing the position of all places on the 
globe, relatively to each other, and to the equator and poles. 

3. The earth, viewed in regard to the various physical states of 
its surface, constitutes the subject- of physical geogeaphy, 
which includes a description of the distribution of land and 
water — the extent and configuration of continents and islands — 
the elevation and prevailing direction of mountain chains — the 
form, extent, and direction of plains and valle 3 "s — the general 
altitude of the surface of the land above the common level of the 
sea — ^the effects of soil and climate, and the local distribution of 
animal and vegetable productions. 

4. This division of geographical science also includes the 
various phenomena of the ocean and seas, their depth, salt- 
ness, and temperature, the prevailing direction and velocity of 
ocean currents, the extent of the polar ice and circumstances 
incidental to it. 



SUBDIVISIONS OF GEOGRAPHY. 


5. The subdivisions of physical geography are sometimes 
denominated HYDitOLoaY, which includes all that relates to the 
ocean and seas; meteoeology, which includes the investigation 
of atmospheric phenomena; and climatology, which involves 
the consideration of the mean temperature of different countries, 
the altitude of the line above which there is perpetual snow, the 
prevailing winds, the barometric pressure, the annual quantity of 
rain, and so on. 

6. The earth, considered as the abode of mankind, distributed 
into different nations and placed under different forms of govern- 
ment, constitutes the subject of political geogeaphy, which 
therefore includes the consideration of the moral and social con- 
dition of different peoples, their language, religion, foims of 
government, and civilisation, and the population, resources and 
local relations of different countries. 

7. It appears, therefore, that these several divisions of geo- 
graphical science are limited to the appearances and phenomena 
developed upon the surface of the earth, in the waters which par- 
tially cover it, and in the atmosphere by which it is surrounded. 

8. Another, and not less important department of science con- 
cerning the earth, relates to the condition and structure of those 
parts of the globe which lie between its surface and its centre, and 
which constitute the subject of geology. 

9. In mathematical geograi)hy and astronomy, certain physical 
circumstances attending the interior of the earth have been 
developed. Thus it is proved that the density of the globe 
gradually increases from the surface to the centre ; and from its 
peculiar form it is inferred that, at the epoch of its formation, 
the materials composing it must have been in a fluid state. It 
has been already shown in our Tract on the “ Earth,” that the 
form of the globe is what in geometry is called an oblate spheroid, 
a figure somewhat resembling an orange or a turnip. By reason 
of this figure, the earth is flattened at the poles and bulged out at 
the equator. Now it is proved in mathematical physics that if a 
fluid globe have a motion of rotation on one of its diameters as 
an axis, the centrifugal force of the matter composing it will cause 
it to bulge out at the equator and to flatten at the poles, so that all 
sections of it made by planes passing through the axis are ellipses, 
and the degree of the elliptic form of these sections will be so 
much the greater as the velocity of rotation is more rapid ; and so 
closely connected is this degree of ellipticity with the velocity of 
rotation, that mathematicians are able to assign the exact form 
of the elliptic section which must correspond to each particular 
velocity of rotation. 

10. Ilefore the exact form of the earth had been determined by 
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direct observation and measurement, mathematicians had already 
ascertained by computation what ought to be its form consequent 
upon its rotation upon its polar axis, and the time in which it is 
actually known to rotate, and the result of their computations was 
afterwards found to agree with the utmost possible numerical 
precision with the actual form which the earth was proved to have 
by immediate observation and measurement. 

11. It is therefore inferred from this that the earth, in its 
original state, and before it assumed its present condition, was a 
fluid mass, and that while in this fluid state, it received the 
diurnal rotation by which it is now aflected, and which produces 
the vicissitudes of day and night. It was, therefore, after having 
assumed this spheroidal form, that its superficial parts hardened 
and solidified, and after undergoing a certain succession of changes 
assumed their present condition, 

12. It has been also shown in our Tracts on ‘‘ Terrestrial Heat,^^ 
and on Earthquakes and Yolcanoes,” that when we penetrate 
into the crust of the earth by mines, boring, or other artificial 
means, the temperature is found to undergo a gradual and regular 
augmentation, and this augmentation being continuous, so far as 
direct observation has been carried, may be assumed by analogy 
to increase to a still greater depth in tlie same proportion — a con- 
clusion which also is verified by the }>lienomenon of hot springs 
rising from a considerable depth, and by various volcanic eflects. 
Assuming this gradual increase of temperature to go on indefinitely 
in descending towards the centre, it has been shown that at a 
certain depth the temperature must be such that even the most 
refractory constituents of the globe would be reduced by it to a 
state of fusion. 

13. The increase of temperature being at the rate of about a 
hundred thermometric degrees per mile, it would follow that at 
the depth of about 40 miles, or about the 100th part of the entire 
distance from the surface to the centre, we should arrive at a 
temperature of 4000®, at which it is quite certain that no part of 
the matter composing the earth could remain solid. It is therefore 
inferred, without the necessity for extreme numerical precision, 
that the earth is a spherical shell, the superficial part only being 
solid — all the central part being in a state of igneous fusion — the 
thickness of the solid crust being, as just stated, about the 200th 
part of the entire diameter. A section of it would be such as is 
represented in fig. 1. 

If, therefore, as we have already stated in our Tract on 

Earthquakes and Volcanoes,” the egg of a fowl be imagined to 
represent the earth, its shell would be much too thick to represent 
its solid crust. 
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It is no rhetorical exaggeration that the globe wc live on is a 
stupendous, hut very thin spherical shell, charged with liquid fire ; 
and if such be the case it may naturally be asked how it happens, 
that so thin a crust supported on a fluid so mobile can maintain that 


Fig. 1. 



general state of stability which characterises it so strongly, that it 
is referred to in times ancient and modern as the type of all that 
is most solid and most durable. An answer to this reasonable 
question will be collected from all we shall have to exxdain in the 
present Tract.* 

14. The investigation of the structure and condition of this 
6olid crust of the terrestrial si)heroid, extending from the fluid 

* According to Mr. Hopkins, the thickness of the crust is subject to 
much local variation, being very unequal on its inner surface. He con- 
siders tljat it is probably cavernous, and that masses of fluid mineral 
matter may be distributed through its cavities. According to him the 
thickness in some pails may be as great as 800 or 1000 miles. See 
Memoirs on the State of the Interior of the Earth, in the Philosophical 
Transactions from 1839 to 1842. 
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nucleus upon which it is supported to the surface, constitutes the 
subject of geology. 

15. Consideriog that however thin may be the crust of the earth 
as compared with its diameter, its absolute thickness being at least 
from 30 to 40 miles, and that this very far exceeds any depth 
which is accessible to direct observation, it might be ‘imagined 
that all attempts at an analysis of its structure would be vain 
and futile. A circumstance nevertheless which at first view 
would seem to throw difficulties insurmountable in the way of the 
solution of this problem has, on the contrary, happily facilitated 
it. This circumstance consists in certain local irregularities in 
t^ie actual state of the solid crust. What man could not do, the 
accidental elFects of internal forces has done for him. The solid 
crust has been locally disrupted, so that its section in some cases 
for many miles of depth has been turned upwards and exposed 
to direct observation. It will be sufficient here to allude briefiy 
to this as one of the principal means, by which the structure of 
the terrestrial crust has been ascertained. The point will be more 
fully developed hereafter. 

16. To explain the condition and structure of the terrestrial 
crust, we will suppose in the first instance a part of the earth’s 
surface to be selected, which throughout a considerable extent is 
plane and level, and which has been subject to no derangement 
of structure by internal convulsion, so that the materials which 
form it, extending from the surface to the internal igneous fiuid on 
which it rests, have remained in their normal and original order 
and state. If we imagine a vertical section of the crust in such a 
situation to be made extending indefinitely downwards, it will be 
found to consist of a series of strata superposed in a certain fixed 
order, each stratum, taken in succession, consisting generally of 
the same constituents in the same state. 

17. The matter composing these strata is called by geologists 
HOCKS, a term used in this science in a sense somewhat different 
from its common popular signification. Hocks in the geological 
sense does not necessarily imply masses of stone. It signifies any 
agglomeration whatever of matter which may be found to enter 
into the composition of the crust of the earth. In this sense clay 
and sand come under the name of hocks as well as granite and 
marble. 

18. Taking then the term rocks in this extended sense, the 
successive strata composing the shell of the earth is found to 
consist of different layers of rock, each layer being characterised 
by rocks existing in a peculiar state of aggregation. 

The strata thus superposed, and extending from the funda- 
mental layer which rests immediately upon the matter in igneous 
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fusion within the terrestrial shell upwards to the surface, are very 
numerous. 

They have, however, been reduced to the five following classes 
proceeding upwards. 

1® The igneous rocks. 

2® The transition or metamorphic rocks. 

3° The secondary rocks. 

4® The tertiary rocks. 

5® The diluvial and alluvial layers of matter upon which the 
superficial soil is spread. 

We shall first briefly notice these five great layers, each of 
which, however, as will hereafter appear, consists of numerous 
subordinate courses or strata. 

19. The lowest or fundamental layer, called igneous rocks, 
consists exclusively of agglomerations of mineral masses in a 
state of crystallisation. This is the condition which matter 
would necessarily assume, and which it could only acquire by 
having been gradually cooled and solidified, after being brought 
to a state of fusion by a great elevation of temperature. Under 
such circumstances its chemical constituents would group them- 
selves according to their mutual affinities, and would assume the 
various crystallised forms proper to them. After cooling and 
solidifying, the materials would present the appearance of an 
agglomeration of crystals thrown arbitrarily together and without 
regularity or order. Now tliis being exactly the appearance pre- 
sented by the rocks which form the foundation of the crust of 
the globe, it is inferrefd that they were originally in a state of 
igneous fusion, and that by the gradual loss of heat by radiation, 
they were superficially cooled and solidified. The parts of the 
primitive rocks which have been brought under the observation 
of geologists arc considered as forming the external parts of this 
solid layer. 

These rocks are from circumstances here explained often 
denominated rLUxoNic or ioneous hocks, or hocks of igneous 
OHIGIN. 

20. Those primitive layers, which may be regarded as the 
original materials of which the entire crust of the globe is formed, 
consist chiefiy of that rock familiar to all observers of mountainous 
countries called ghanite, the most imperishable of all stones, and 
therefore the most precious for the purposes of construction. This 
granite is mixed in the fundamental layer in smaller proportions 
with the minerals called amphibole, pyhoxene, and pehtdote. 

21. Granite is an agglomeration of the crystals of three 
minerals, called FELDSPAit, mica, and quahtz. Feldspar is the 
soft grey part of the granite, which is easily scratched. The 
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oxides of iron and manganese are occasionally mixed with this 
constituent of granite, and though present in extremely minute 
quantity, produce nevertheless a very striking appearance, render- 
ing the rock white, cream-coloured, or red, according to their 
varying proportions. 

Mica is the shining glossy particles of the stone, which reflect 
light like bits of glass or metal. The name is derived from 
**MiCANS,” (flittering. Mica may be seen in many other stones, 
as also in sand. 

UuAJtTZ, wliich appears in granite in the form of white crystals, 
is the substance known as si lex or silica, or the eakth of 
FLINTS, and is one of the liardest and most abundant of mineral 
substances, entering largely into the composition of many other 
mineral masses. It is from this constituent, chiefly, that granite 
receives its hardness. 

Silica is familiarly known as rock crystal. 

22. It must be remembered that the several materials of which 
the igneous rocks are thus composed, are not combined together 
chemically. They are not combined for example in the same 
manner as are sulphur and oxygen, when these constituents pro- 
duce vitriol. They are on the contrary merely agglomerated and 
brought into mechanical juxtaposition, forming a solid mass by 
the mere cohesion of crystal to crystal, so that by the action of 
mechanical force it would be possible to resolve the rock into its 
component parts. 

23. Each of tliese constituents is, however, itself a compound. 
Thus feldspar is a compound of the silicates of several chemical 
substances, such as alumina, lime, and potash, or soda — that is, it 
is a combination of these severally with silicic acid. 

Mica is composed of like silicates, with the addition of silicate 
of iron. 

Uuartz is in fact silicic acid itself. It will appear, then, from 
this statement, how important a part silex, or earth of flints, 
plays in the formation of the globe. 

24. If the constituents of the igneous rocks were combined, 
one with another, chemically, instead of being mechanically 
juxta-posed, they would, according to a general law of nature, 
always be found to prevail in the same rocks in one invariable 
numerical proportion; but being, as explained above, merely 
agglomerated by cohesion, without any chemical union, they may 
exist in any proportion whatever, and hence have arisen a cor- 
responding variety of granites. In some specimens the quartz 
and mica are altogether absent, and then the granite, consisting 
of feldspar only, in the pasty and crystallised state, takes the 
name of pobphyry. 
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In other specimens, the proportion of feldspar being large, and 
that of mica and quartz small, the rock is called rottPUYUous 
GRANITE. 

25. In general, the little laminm of mica are distributed irre- 
gularly through the granite, their faces being turned in all 
conceivable directions. In certain specimens, however, they are 
observed to be placed parallel to each other, so as to give the rock 
a lamellated, slaty, or schistous texture. The granite, in such 
cases, takes the name of gneiss, from the Danish gnister,^^ 

26. Having thus briefly described the composition and condition 
of the fundamental layer of matter, upon which the solid shell of 
the earth is based, and indicated the circumstances and characters 
which are evidence of its igneous origin, we shall now proceed to 
explain the condition and character of tlie superincumbent strata, 
which, as will presently appear, have had an origin of a very 
different kind, and dates of incomparably more recent formation. 

27. The strata which rest immediately upon the igneous rocks 
have been denominated transition or mktamorphic, inasmuch 
as they partake partly of the character of the igneous rocks, and 
partly of that of the rocks incumbent upon them. They partake, 
in certain instances, of so much of the former and so little of the 
latter, that in the earlier epochs of geological research, they were 
classed with the igneous rocks, from which, nevertheless, they are 
distinguished by sufficiently evident marks of incipient strati- 
fication. 

28. It has been explained that the materials composing the 
igneous rocks are confusedly and irregularly agglomerated with- 
out the least appearance of even an appi’oach to any regularity 
of structure, and it has been shown, that this is at once the con- 
sequence and evidence of their igneous origin. Such, however, 
is not the character of the superincumbent rocks. The materials 
of which these are severally composed are found to be distributed, 
one over another, in regular layers, bounded by parallel and 
horizontal surfaces, resembling the courses of masonry. Now 
such a distribution never could have resulted if these, like the 
primary rocks, had, previously to their formation, been in a state 
of fusion. 

29. Such an arrangement, on the other hand, is precisely that 
which would ensue, if the materials, composing the strata, having 
been mixed with, and suspended in water, had, after the fluid 
became tranquil, gradually subsided and settled at the bottom. 
In such a case, the matter thus subsiding would be deposited in 
a regular series of layers, one above the other, with level and 
parallel surfaces. The lowest layer would be composed of the 
heaviest part of the matter held in suspension by the water, that 
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being the most prompt to smk. Next would come layers of less 
ponderous matter, and then another lighter still, and thus layer 
upon layer would be deposited until the whole of the suspended 
matter would have subsided. 

If from any cause after this, subsidence the water retired, the 
ground forming its bottom would be left bare, and the dry land 
would, if it were excavated, be found to consist of the succession 
of strata here described. 

Now if the actual layers composing the successive strata, w’’hich 
are superincumbent on the igneous rocks, did really in their 
origin proceed from such a cause, it might be expected that they 
would succeed each other in the order here indicated, those most 
apt to subside holding the lower position, and such accordingly is 
found to be the case. 

30. In accordance with these results of observation on tlie 
strata forming the crust of the earth, and with concurrent 
evidence deduced from other appearances, it has been inferred, 
with a degree of probability amounting to moral certainty, that 
the stratification has resulted from such a series of physical 
causes as those above described. Each stratum consisting of a 
series of parallel la 5 "crs is assumed to have been a sedimentary 
deposit precipitated from water, by which the surface of the solid 
part of the globe has been at former epochs covered, and that 
these waters lia\ing become quiescent before retiring, the matter 
suspended in them was deposited in layers having more or less 
regularity, their surfaces being parallel and level, or nearly so. 

31. Among the many collateral circumstances which corro- 
borate these conclusions may be mentioned two. 

First, the frequent occurrence in the bounding surface of the 
layers of the form of the ripple of 'water, as it is observed in the 
sands of the sea shore after the fall of the tide has laid them bare. 

An example of such traces left upon the beds of carboniferous 
limestone and Portland-stone, in the neighbourhood of Boulogne, 
is shown in fig. 2. 

Fig. 2. 



Secondly^ by the remains of various aquatic animals and 
plants, which are often preserved in their natural position, in 
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which they were tranquill}’ buried by the matter deposited upon 
them. Numerous remains of Crustacea and mollusca are thus 
found in perfect preservation in strata situate at great distances 
from the shores of the sea, figs. 3, 4. 


Pitr. 3. 



These phenomena will he more fully explained hereafter. 

32. These circumstances establish a marked distinction between 
the igneous and tlie superincumbent rocks. The latter, con- 
sisting of matter distributed in regular and horizontal layers 
are called stea^tified eocks, while the former consisting of 
materials agglomerated without any semblance of order are called 

UNSTEATTFIEE EOCKS. 

As the unstratified rocks are called Plutonic or igneous 
EOCKS, the stratified are denominated neptunian or sedi- 
MENTAEY EOCKS, and sometimes eocks of aqueous oeigix. 

33. The transition or metamorphic rocks, which rest upon the 
igneous rocks, show traces of stratification combined with such 
partial crystallisation as may be inferred to have arisen from 
their contact with the highly heated surface of the rocks below 
them. The principal rocks composing the transition-system, arc 
the gneiss, already described, crystallised limestone, quartz, 
homblend, thick layers of the rock called the old-red sandstone, 
and many varieties of slate and shale. 

34. Independent of the existence of distinct stratification in 
these, they are still more decidedly distinguished from those of 
igneous origin by the deposits of animal remains found in them, 
which, though neither numerous nor of a high order of organisa- 
tion, are nevertheless present in sufficient quantity to put aside 
in the most conclusive manner all other suppositions, than that of 
sedimentary formation and aqueous origin. 

3^. It has been assumed by many geologists, that although 
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animal remains have been found in these transition-rocks, no 
traces of vegetables were discovered there, from which it was 
inferred that the existence of animal life upon the globe preceded 
that of vegetation. M. d’Orbigny has shown, however, that 
sdch is not the case. The remains of various marine plants 
have been found by Mr. Hall in the lower Silurian strata in the 
State of New York. The coal-mines of Vallongo, in Portugal, 
are in the same strata; and the richest coal deposits of Spain 
are in the Devonian formation. It must, therefore, be considered 
that animal and vegetable life were always co-existent, as indeed 
is apparent, d priori^ inasmuch as animals which do not feed on 
each other must necessarily feed on vegetables. 

Organic remains of animals have been found in the superior 
layers of transition-rocks, which present singular interest as being 
the earliest examples of life traceable in the gi’owth of the earth. 
It would seem, tliat after the external parts of the igneous matter 
had been hardened by the process of cooling, the first sedimen- 
tary layers deposited upon it became the habitation of certain 
races of organised beings. 

36. Among these the researches and observations of Professor 
Phillips have brought to light various species of small fish, and there 
have been found, near Llampeter in North Wales, in the same strata, 
traces of a species which the late Mr. William Macleay, a profound 


Fijr. 5. 



naturalist, pronounced to be a sea- worm of the class of Annelidans, 
being the first in Cuvier’s classification of articulated animals. 
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The remains of one of these sea-worms, Nereites Camhrensis, 
found at Llampeter, is shown in lig. 5. The body of this 
creature consisted of about 120 joints. 

37. In line, then, we find that upon the igneous rocks as a 
foundation the superficial structure of the earth has been erected, 
consisting of a series of layers or courses of natural masonry, 
one placed above another — the formation of each of which has 
been the work of countless ages ; that transition-rocks were the 
first and earliest ef these, while those which form the surface of 
the earth, and are the habitation of the existing organised tribes, 
were the last ; and that the epoch at which these latter tribes, 
including the liuman race, were called into existence, remote as it 
must appear, compared with all measures of time familiar to us, 
is recent when referred to that system of chronology which is 
written upon the crust of the globe. 

38. Above the transition-rocks, which, as we have stated, were 
first placed in the class of primitive rocks, succeed a series of 
layers which have been denominated skcondauy hocks. These 
consist chiefly of chalk, clay, argillaceous slate, shale, red and 
brown sandstone, limestone, iron and lead ore, and coal. They 
abound in organic remains, animal and vegetable, in a high state of 
preservation, the minutest parts being often perfectly observable. 

39. The extent to which the earth was the theatre of organic 
life, at the epochs of the deposition of these numerous strata, may 
be conceived when it is stated that, in 1834, a German naturalist 
and geologist counted no less than 9000 species, the remains of 
which, at that date, had been found below the superior limits of 
the stratified rocks, not one of which has ever existed since the 
earth became the habitation of man. 

Among the animal remains which abound in these secondary 
strata may hq mentioned corals, crinoides, mussels, trilobites, 
fishes, reptiles, insects, marine and fresh-water shells, sponges, 
and animalcules countless in number. 

Of the reptiles, the most remarkable are various species of 
lizard-shaped animals, constructed on a scale of colossal mag- 
nitude, called Saurians, from the Greek word Saupos (Sauros), 
lizard. These have been variously denominated megalosaurus, 
plesiosaurus, ichthyosaurus, and so on. 

40. Upon the secondary rooks repose a series of strata of more 
recent deposition, called on that account tehtiahy hocks. These 
consist of a thick bed of clay, limestone, sand, pebbles, and white 
sandstone. They abound in organic remains, which are dis- 
tinguished from those of the lower and more ancient strata by 
including a considerable proportion of the still living species. 
Thus the lowest strata of the tertiary rocks contained 5 per cent.> 
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and the superior strata 10 per cent, of the species found among 
the animal tribes which still continue upon the earth. 

41. In fine, superposed upon these tertiary are several layers of 
earthy matter, upon which the actual organised world is placed. 
These are usually resolved into two beds, the lower of which, 
denominated diluvial, consists of deposits of gravel and clay, 
with boulder-stones, rounded in different degrees by attrition, 
giving indication of having been carried from a distance by the 
extraordinary action of water, from which the general name 
DRIFT has been given to them. 

The superior bed consists of sand, clay, and gravel, upon which 
the surface soil, which is the theatre of agriculture, rests. This 
consists of decayed and decomposed vegetable matter, mixed with 
more or less of the disintegrated matter of the inferior beds. 
This uppermost layer is produced chiefly by the ordinary action 
of water, and is denominated alluvial. 

42. Such are the five principal groups of rocks, into which 
geologists have divided the matter which forms the shell of the 
globe. The transition, secondary, and tertiary groups, have 
each been subdivided into several layers or strata, each of which 
is distinguished by the peculiar sorts of mineral matter of which it 
is composed, and the peculiar species of organic remains which it 
contains. Geologists, however, are not agreed either as to the 
limits of the five principal groups, or as to their distribution into 
subordinate strata. Thus they are not agreed as to where each of 
the principal groups ends and the next begins. The rocks, 
which one calls ‘primitive^ another denominates transition or 
metamorphic. Those which one assigns to the upper part of the 
transition-system, another assigns to the lower part of the 
secondary system ; and in like manner what one assigns as the 
highest strata of the secondary, another gives as the lowest strata 
of the tertiary. These discrepancies, however, arise more from 
the nature of the things than from any deficiency of our 
knowledge of them. Between one group and another there is 
no essential distinction, and their classification into primary, 
secondary, and tertiar}’^, though convenient, is, like many other 
classifications, to a certain extent arbitrary. 

43. From what has been stated, respecting the strata constituting 
the crust of the earth, the following consequences will follow ; — 

First. The unstratified and igneous rocks existed prior to the 
stratified or sedimentary rocks. 

Secondly, The stratified or sedimentary rocks were produced 
in the chronological order in which they are found superposed, 
the most ancient being the transition-system, and the others 
being formed in the order of time in which they are superposed, 
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the oldest being the lowest strata of the secondary, and the most 
modern the upper strata of the tertiary ; the intermediate strata 
have intermediate dates in the order of their superposition. 

Thirdly, The sedimentary strata in their original and natural 
position were necessarily level; their bounding surfaces were 
horizontal and parallel. Wherever, then, they may be found in 
any other position, it must be assumed that they have undergone 
derangement of position by some disturbing cause since their 
original deposition. This derangement may arise either from the 
strata being lieaved upwards by a pressure from below, or by 
tlieir sinking downwards by their incumbent weight forcing them 
into some inferior vacuity. 

Fourthly, Although the succession of strata constituting the 
series, from the primitive rocks upwards to the surface, is by no 
means invariable, and is subject on the contrary’ to many local 
variations, still its general character is such as has been described. 
If the sedimentary strata, proceeding from the lowest upwards, 
when complete, be expressed by the letters a, n, c, i), &c., it will 
sometimes happen, from local causes, that the actual scries may 
be A, li, c, E, &c., or a, n, i), e, &c., or a, d, e, &c., but it can 
never happen that the series shall be i), n, a, c, &c. In a word, 
one or more strata of the series may be wanting, but their natural 
order is never inverted. 

44. It appears, therefore, that the character and order of the 
sedimentary strata constitute a chronological scale indicative of 
the history of their formation. It is true that the value of the 
unit of this scale is not and cannot be known, inasmuch as the 
absolute intervals of time, necessary for the deposition of the 
strata severally, cannot be certainly determined. This, however, 
does not prevent the geologist from pronouncing with perfect cer- 
tainty upon the order of time of their deposition respectively. 

45. Although the series of strata above described have been 
deposited, subject to so manj* local disturbing causes, that there 
is probably no point on the entire surface of the globe, where a 
section would exhibit them complete, still by a careful and 
judicious comparison of observations, made in different localities, 
their normal arrangement and natural order of superposition 
has been ascertained, and geologists have grouped and classified 
them under a great variety of denominations. Owing to the 
absence of any general convention, no single system of nomen- 
clature has been adopted, as has been so happily efiected in 
chemistry, and though in a less degree, also in zoology. The 
consequence is that geology is overlaid with a complicated, con- 
lused, and discordant nomenclature, detrimental to the diffusion 
and even to the progress and extension of the science. Those 
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who desire to obtain even the most superficial acquaintance 
with it, are therefore compelled to familiarise themselves with a 
mass of most repulsive technicalities, in which the same thing is 
called by many different names, according to the varying views, 
tastes, and even personal caprices of the geological investigators 
who have devoted their labours to the researches in which it finds 
a place. 

Names have been given to strata or groups of strata in some 
cases from the localities in which they are found at the surface, 
as for example the Jurassic, the Silurian, the Cambrian, and the 
Devonian groups. In other cases, names are derived from the 
prevalent materials constituting them, as the cretaceous, oolitic^ 
and carboniferous groups. Other names have been adopted from 
the order of the deposits, as for example eocene, miocene, 
pleiocene, and pleistocene, from Greek words signifying the first 
dawn, or the earliest, less recent, more recent, and most recent. 

Another sot of names has been taken from the presence, 
absence, or dates of the forms of life exhibited by the organic 
remains found in the strata. Thus the strata, which are destitute 
of all such remains, are called azoic, from a Greek compound 
implying the absence of life. Tlie term cainozoic is applied to the 
most recent strata, including organic remains, mesozoic to the 
middle strata, paheozoic to the ancient strata, protozoic to the 
first in which life appears, and hypozoic to those strata which 
lie below the range of all organic remains. 
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downwards from the superficial soil, which is the theatre of agri- 
culture, through the alluvial and diluvial deposits upon which 
it rests, and thence successively through the tertiary, secondary', 
and primary stratified rocks to the igneous ones which form 
the foundation of the terrestrial crust, may be formed from the 
following tabular statement (page 51), which we have compiled 
from the works of difierent geologists, and principally from that 
of Sir H. de la Reche, representing the order of the strata in 
Western Europe, and which in its general character will be found 
to correspond sufficiently witli the condition of the terrestrial 
crust in most parts of the world, especially as regards its major 
divisions. 

The strata, which in this table are denominated primary or 
palaeozoic, are by some geologists included under the general 
denomination of secondary rocks. These must not be confounded 
with the igneous rocks, which are often called primitive rocks, 
and which are not stratified at all. The hypozoic or lowest beds 
of stratified rocks, together with the lower groups of the primary 
or palaeozoic, are those which in the preceding paragraphs have 
been denominated transition or metaraorphic rocjts. 

47. On contemplating the table, and on considering the 
peculiar super- structure which it exhibits, combined with the 
fact that each layer being a sedimentary deposit, must have been 
the result of an interval of time of considerable duration, two 
questions will naturally suggest themselves. 

What arc the dimensions of these several strata, and wliat the 
total thickness of the whole structure from the granite foundation 
on which it rests to the vegetable soil upon the surface, and 
what has been the probable interval of time required to pro- 
duce each stratum. 

Although certain and definite answers cannot be given to 
these questions, some degree of ai)proximation may be made to 
them. The thickness of the several strata and groups of strata is 
subject to considerable local variation, nevertheless the indications 
of the limits of these variations in certain parts of the earth, 
which have been subject to geological survey of more or less 
accuracy may be useful. 

Thus, the following are the estimated thicknesses of several 
strata, proceeding upwards from the transition- system to the 
surface in Great Britain. 

Gneiss system — a few miles. 

Mica schist system — from a few yards to a few miles. 

Cambrian system from one to five miles. 

Llandeilo formation .... 1200 feet. 

Cara(U>c formation 2<?oo ,, 



X 

O 

II 

s ’ 
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; Mineral accumulations of historic period, I 

j Pleistocene, 
t Pleiocene, 

Miocene, 

Eocene, J 



Chalk of Maestricht ami Denmark, 

Ordinary chalk with and without flints, 
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Upper green sand, 

Gault, 
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Shanklin sands, Vecten Neocomian or lower green sand, 
Wealden clay, 

y 

0 
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Hastings sands, 


Purbeck series. 


Portland oolite or limestone, 



Portland sands, 

Kiuirneridge clay. 
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Oonil rag with its grits. 

d 

‘Z 

Oxford clay with Kelloway's rock. 
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Cornbr.ash, 



X 

Forest marble ainl Bath oolite, 

xn 


Fullers’ earth, clay, and liriustone. 



Inferior oolite and its sands. 

Lias upper and lower with its intermediate marl stone. 


■s 

S 

Variegated marhles, 

Muscholkalk, 


S 

Red sand stone 

gres bigarre, bimtor saiidstein. J 



Zechstein, ilolomitie and magnesian limestone, 1 


s 

Lower new red 

conglomerate and sandstones, 


A® 

Ai 

Coal mejisiires. 
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3 2o 

Carboniforons and ni«»antain limestone with its coal, sand- 

q 

o d ^ 
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stone, and shale in some districts. 

o 
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3.^3 3 

Carlioniferous slates and yellow sandstones. 
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X 

i . 1 

o X 1 
> cS 
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• 

Modifications of old red sandstone. 

< 

a i' 

Upper Ludlow rocks, Wenlock shale and limestone, Wool- 

X 

i ! 

‘S i 

hope limestone, 

P-1 


Middle Caradoc sandstone and conglomerate, 


X 

Lower Landoilo 

Bala and Snowdon beds. j 


a| 1 

Barmouth sandstone, Penrhyn slates, Loiigmynd rocks, and 



various rocks below the Silurian. 


- 1 

Beds t)f mica schist consisting of quartz and mica with or 

y 

ll 

without feldspar or garnets, chloritic schist, tile schist, 

i '- 

jic« 

quartz rock, clay slate, limited beds of iron ore. 

2 

M 1 

Beds of gneiss consisting of lamiiue r»f quartz, feldspar and 

W i 

.s 

mica ; beds of mica schist, quartz rock, limestone, 


_p . 1 

hornblende schist. 
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Syenite, 

The relative position and age of these rocks 

X 

o . 

Porphyry, 

is more or less uucertain, though it seems 

«« 

Basalt 


probable that they may stand in the 

£ 1 

Porphyritic granite. 

order here assignetl to them. 
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f This system of igneous rocks descends to an un- 


Granite. ■< defined depth, and is assumed to rest upon 

[ the internal liquid nucleus of the glolie. 
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MTenloek formation ..... i8oo feet 

Ludlow formation . . ... 2000 ,, 

Old red sjiudstune ..... 1000 ,) 

Carlwniferou.s or mountain limestone i 500 to 2500 ,, 

Millstone grit .... 500 to 700 ,, 

Coal formation . . . . . . 3000 ,, 

Lower new red Ton tefract rock . , 100 ,, 

Magnesian limestone ... , . 300 ,, 

New red sandstone . .... 1000 ,, 

Lias ........ 1000 ,, 

Lower or Bath oolite , . . 400 to goo ,, 

Middle or coralline oolite . . 300 to 800 ,, 

Upper or Portland oolite . . 200 to 800 ,, 

Greenstmd formation . . . . 

Chalk formation ..... 

Lower tertiary or eocene, about . . . 1200 ,, 

]\Iiocene formation. 

Pleiocene. 

Pleistocene. 

Rough as this approximation is, it may give some idea of the 
general thickness, at least, of the stratified part of the crust of 
the earth. It would appear from combining these results, that 
the total thickness of the stratified crust, as far as these 
observations go, varies from 10 to 20 miles. Of this thickness 
the lower, or palaeozoic strata, constitute the principal part, as 
will be seen by the annexed diagram given by Professor Phillips. 

Tertiary or Ui)]»er Strata. | 


Secondary or Middle Strata. 


Primary or Lower Strata, 
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48. To the question as to the lapse of time during which these 
successive sedimentary strata have been formed, it is impossible 
to give any answer even as definite as the estimates of their 
thickness. All that can be said is, that the deposition from 
turbid waters being generally a slow process, it may be imagined 
that intervals of timq of vast duration must have been required 
for the formation of strata which measure many miles in 
thickness. 

But besides the mechanical deposition of matters suspended in 
water, we find numerous traces of chemical decomposition, which 
could only have been effected in long intervals of time. Thus 
deposits of limestone lie in frequent alternation with sandstones 
and clays. These indicate a series of changes in the mode of 
action, by which the total stratified mass was produced, consisting 
of successive cessations and renewals in chemical and mechanical 
action. 

In short all these effects combined with others, presently to be 
mentioned, lead to the conclusion that the period during which 
the human race and its contemporary tribes have existed upon 
the earth, is but a brief interval compared with the immense 
lapse of time occupied by the formation of the igneous rocks, by 
the cooling down of the superficial part of the fused matter, and 
the subsequent deposition of the stratified crust. 

49. It may be useful here briefly to recapitulate the history of 
the globe, as we find it inscribed upon its crust. 

Originally a mass of fluid matter, in a state of igneous fusion, 
it assumed the globular form in virtue of the mutual gravitation 
of its parts. Launched by the Creator into space with a motion 
of rotation round a certain diameter as an axis, it took the form 
of an oblate-elliptical spheroid, flattened at the poles, in virtue of 
the centrifugal force attending its rotation. The degree of 
spheroidal ellipticity being of course i)recisely that which cor- 
responded to its velocity of rotation. 

In this state its extremely exalted temperature would not only 
maintain the matter at its surface in a state of fusion, but would 
also keep a certain portion of the solid matter in a state of 
sublimation, and all the liquid matter in a state of vapour sus- 
pended in and mixed with the surrounding atmosphere. 

After a continuance of greater or less duration in this state, 
the heat of the globe being continually radiated into the sur- 
rounding space, the temperature of its surface would be gradually 
diminished, and would, at length, fall below the point of fusion 
of the matter composing its surface, and consequently the super- 
ficial part would be solidified, and the globe would be coated, as 
it were, by a thin skin or shell of solid matter, enclosing within 
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it the matter still remaining in fusion. By the continued effect 
of radiation the temperature of the surface would continually 
decrease, and consequently the thickness of the solidified shell 
would be continually augmented. At length the superficial 
temperature would fall to such a point that the sublimated 
matter would be precipitated on the surface, end when the super- 
ficial temperature, falling still lower, would descend below the 
boiling point of water, a general condensation of the vapour sus- 
tained in tlie atmosphere would ensue, and the entire surface of 
the globe would be covered with ,an ocean of uniform depth. 

If no disturbing force acted, this would have continued to be 
the condition of the globe ; but the fused matter enclosed by the 
solid crust being subject to effects more or less irregular, and 
exercising unequal pressures, it was in some places protruded 
upwards, and in others depressed. In this manner eertain parts 
of the solid crust were pushed above the level of the water, while 
others may have suffered corresponding depressions. Instead, 
therefore, of a universal ocean, the surface became diversified by 
land and water. 

The action of the n^ter upon the subjacent solid crust of the 
earth by erosion and disintegration and exposure to atmospheric 
action, produced various changes in its condition ; and the parts 
thus washed ofi‘ being subsequently deposited at the bottom of the 
waters, produced the incipient stratification which has been above 
described. 

When tlie temperature of llie globe was reduced to such a point 
as to b(i compatible vitli the existence of organised bodies, the . 
first forms of life were called by the Creator into existence, and 
were such as >vere adapted to the then physical condition of the 
globe, being, as might be expected, exclusively marine tribes. 
When subsequently land emerged from the ocean, and by the 
condensation and prc(;i[)itation of vapour rivers and lakes were 
formed, terrestrial, Iluviatile, and lacustrine tribes were called 
into existence. 

50. As each successive stratum was thus formed, the remains 
of the animals and vegetables of the epoch were deposited in 
them, and have accordinglj’' been preserved to our times. Flu- 
viatile and land animals, in greater or less numbers, were swept 
into the embouchures of rivers, and there deposited like the 
others. Lacustrine tribes were, in like manner, deposited in the 
bottoms of vast lakes or inland seas. 

51. But, besides these, there are indications of other changes 
cither gradual or sudden, which w'ould explain the deposition of 
terrestrial organic remains in the strata. There are evidences 
that the swellings upwards and subsidence downwards of the 
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crust, by the internal movements of the fluid nucleus of the 
globe, caused various changes in the distribution of land and 
water, so that parts of the globe which at one time were raised 
above the waters, and inhabited by terrestrial tribes, were sub- 
sequently submerged ; while other parts, being elevated, emerged 
from the waters and formed new continents or islands. Indeed, 
changes which are in actual progress, and AvJiicIi will be presently 
noticed more fully, show that such phenomena are still produced, 
though probably on a much smaller scale, than at the earlier 
stages of the growth of the earth when its crust, having less 
thickness and strength, oflered less resistance to the internal 
movements of its fluid nucleus. 

52. Since the strata were deposited during a succession of 
periods of long duration, each receiving the remains of the 
organised tribes which inhabited the earth at the period of its 
deposition, it follows that the organic contents of these successive 
strata may be regarded as so many museums presenting to us 
specimens of the zoology and botany of the globe at the successive 
periods of their deposition, liy examining, therefore, these re- 
mains, we shall be able to compare with each other, and with the 
existing tribes, the living inhabitants of the globe at the several 
periods of the formation of tlicse strata. 

53. The first and most obvious inference suggested by such an 
analysis is, that the number and variety of organised beings has 
rapidly increased, from the i)criod at which the earth became 
liabitable to the i)resent ci>och. This is rendered evident by a 
comparison of the number of species found in a given thickness of 
strata, proceeding downwards from the surface, which lias been 
estimated by Profesbor Phillips as follows : — 

Number of Sf)ccies in 
loOO foot tliickucss. 


Tei-thiry . . . . 1410 

Cretaceous . . . 707 

Oolitic . . . .456 

Triassic } 

Permian J ' 

(Carboniferous ... 47 

Silurian . . . . 27 


These numbers represent the relative proportion of marine spe- 
cies, by far the most numerous of the organic remains, more 
especially in the lower strata. This calculation was based upon 
the results of observations made about 1834, and consequently the 
ntunbers given are considerably below what would be obtained 
from more recent observation ; but their proportion, which is all 
that concerns us here, would probably not be altered by subse- 
quent results. 
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54. Since, therefore, it appears that the globe, through a long 
scries of periods, has been tenanted successively by various races 
and tribes, both animal and vegetable, it is a question of profound 
interest to determine whether creative power, in the production of 
these organic beings, has operated upon the same principles which 
are manifested in the structure of its actual inhabitants. It might, 
for c:samplc, be imagined that the forms of life at those distant 
epochs, existing probably under extremely difierent physical con- 
ditions, might be totally different from, and utterly incomparable 
with, those which now prevail. Or though they might agree in 
certain general principles and conditions, they might be expected 
to exhibit extreme diftereiices in many important details. A 
survey, nevertheless, of the existing tribes, and a comparison of 
them with the remains found in the terrestrial strata, lead to the 
conclusion, that though the former inhabitants of the globe 
differed from the j^resent in many minute details of their struc- 
ture, yet they agreed in all the more essential principles. 

Naturalists have resolved the existing animal kingdom into four 
primary divisions : the VertehrateSy the Articulated or Annulatedy 
the Molluscay and the Zoophytes. 

Quadrupeds, birds, and fishes, for example, are Vertebrated 
animals ; insects, spiders, and certain shell-fish, such as crabs and 
lobsters, present examples of Articulated animals; snails and 
oysters are examples of Mollusca ; and star-fish, sea-blubber, and 
corals, of the class of Zoophytes. 

Now a due examination of the organic remains deposited in the 
terrestrial strata leads to the conclusion, that they admit of pre- 
cisely the same general zoological division. 

Hut the analogy between present and past creations is still 
closer when tliose primary divisions are resolved into several 
classes. Thus the living vertebrates are divided into mammifers, 
birds, reptiles, amphibia, and fishes. In like manner the fossil 
vertebrates admit of precisely the same classification. We find 
among them all these classes and no others. 

Again, the living articulated animals are resolved into the 
subordinate divisions of insects, myriapodes, arachnida, Crustacea, 
and worms of various forms. A like subdivision is applicable to 
fossil Articulata. 

Fossil, like living, Mollusca are resolved into Cephalopodes, 
Gasteropodes (snails), Acephala (oysters and mussels), Bryozoaria 
(plumatella), and others. In fine, the Zoophytes, fossil as well as 
living, are resolved into Echinodermata (sea-urchin, star-fish), 
Polyparia (coral), Infusoria (monads), and Spongyaria (sponges), 
all of which are found reproduced in the fossil state. 

55. But when we descend to more minute distinctions we cease 
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to find the same close correspondence. Genera or families of the 
ttboye-mentioned classes are found among existing species which 
are altogether absent from the fossils ; and, on ^e other hand,, 
numerous genera of fossil animals have no place in the existing 
animal kingdom. Of about 1000 fossil genera, somewhere about 
500 are identical with those of existing animals, the other 500 
being extinct. 

The difference between the present and past creations is, as 
may be expected, still more remarkable when we come to compare 
species with species. Thus of 10000 well-ascertained fossil species 
there are not more than 200 or 300 whicli still survive. 

56. Though the counterparts of all the principal divisions of the 
animal kingdom are thus found in the fossil state, they are by no 
means equally distributed through the strata. Nature, on the 
contrary, seems to have called them successively into existence, 
according to their increasing perfection of organisation, — the 
Mammalia, the most perfect of all, being the most recent in date ; 
and the Zoophytes and Mollusca, the lowest in their organisation, 
the earliest. 

Thus the first forms of life 'which appeared during the Silurian 
period were chiefly confined to the Zoophytes and other classes of 
the lowest organisation, the only Vertebrates then existing being 
fishes, and those in verj" limited numbers. The same forms, for 
the most part, prevailed upon the globe during the Devonian and 
Carboniferous periods. During the Permian and Triassic periods 
animated nature received no other increase than that of a few 
reptiles. No other classes were added to the creation during the 
long interval of the Oolitic period ; but the number of species of 
reptiles, as of all the other classes just mentioned, were con- 
siderably increased. 

The first appearance of birds w’as manifested during the Creta- 
ceous period, but they were very limited in number until the 
Tertiary period. 

It was not till the Tertiary period which immediately preceded 
the present epoch that Mammalia were created. Birds, reptiles, 
and fishes augmented in number and variety also during this 
period, as did various others of the inferior classes, such as Gaste- 
ropodes and Acephala. 

It must be observed, however, that foot-prints of some Mam- 
malia have been discovered in the Oolitic strata, and marks, 
supposed to be those of birds, in the Triassic. 

57. In the following table, compiled from the very extensive 
tables of Paleontology, which accompany the work of Professor 
d’Orbigny, we have exhibited the commencement, continuation, 
and prevalence of the different classes of animals which inhabited 
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the earth during the successive periods from the Silurian to the 
Human. The relative numbers of each class prevailing at the 
different periods are indicated by the four following signs : 
least. 

X more numerous. 

A still more numerous. 

0 most numerous. 


CRETA- 
OOLITIC, C'KOUS. 


Il’ERTIARY. 'C 


'■g i'l'l 


^ ; a» 5 ' £ I " c« rt rt ; 


s'f ? 5 g 
5iiS s a 


Polyparia . . . • j’.' 

Orinoidea . . . . A 

Ophiuroidea, Asteroidea, 1 i 
Echinoidea, Echinodcr- 1- . i • 
matii . , . . J , 

Bryozoaria . . 

Bmehiopoda . . . A ( 

Acephala . . ..*.*• 

Marine Gasteropodes . . * 

Fluviatile Acephala . . : 

Terrestrial and Fluviatile 1 
GasterojKKies . . J i 

Acctabnlifernus Ceplmlopodes 1 
Tentaculifcroiis CejthalopodcK 0 , 
Fishes . . . • ’.V ‘ 

Reptiles . . . . , 

Birds . . . . , 

Mainnialia . . . . 


X X X 0 

I X A X A 
V X *,* 

A A A 0 
AAA© 
X X X 0 

A A A 0 
V VV 0 


A x'v O 

'.*U X o 

|V X O 
V V:X 0 


' 08. It appears that the creation of fishes, reptiles, birds, and 
mammalia, the four Y(;rtebratcd classes, underwent a sudden and 
large augmentation at the epoch of transition from the tertiary to 
the human period, and that, to crown all, man appeared for the 
first time in the ])criod to which he has given his name. Among 
the infinite variety of fossils discovered in the strata of the earth, 
there is no instance of human remains. 

59. Although the various classes of animals and vegetables, 
when once called into existence, have continued to prevail upon 
the earth till the present time, the same is not true of the genera 
constituting these classes, and still less of the species of these 
genera, as already mentioned. Species appear in particular strata, 
no trace of which is found in any other, superior or inferior. The 
inference is, that such animals existed only during the period cor- 
responding to the deposition of these particular strata. 
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It happens sometimes that particular species prevail through 
•certain groups of strata, superposed in regular order, but totally 
disappear frgm all subsequent and antecedent. Such species 
•are accordingly characteristic, not indeed of particular strata, 
but of those limited groups of strata in which they prevail, 
and the inference is, that they had continued to exist upon the 
•earth during the period corresjwnding with the deposition of the 
groups, but did not exist there before or after. 

60. The species which thus prevailed upon the earth during 
geological periods more or less limited, and which ceased to exist 
before the period marked by the presence of the human race, have 
accordingly supplied to the geologist tests for the identification of 
strata much more determinate than any which depend on their 
mineral constituents. When the presence of a particular species 
is strictly limited to j)articular strata, it becomes an unerring test 
of the presence of that stratum wherever tliis species is found. If 
it has prevailed througii grou])s of strata, it is a test, though not of 
particular strata, still of the group to which its presence is limited. 

61. Numerous examples of these characteristic species maybe 
mentioned. A certain family of C’rustacca, called Trilomtks, 
are almost exclusively limited to the Silurian period, appearing 
rarely in the lower bed of the carboniferous limestone, and never 
above them. 

62. The Trilobites consisted of an oblong body, divided trans- 
^’ersely into three parts, and also longitudinally into the same 



Fig. (Trilobite) Ugygia Gucltiudi. 


number of lobes. The comparison of the forms of these animals 
with those of existing Crustacea, renders it probable that they 
dwelt in the depths of the sea, far from coasts, floating on their 
back, and never resting, inasmuch as their feet could not retain 
them stationary, and movement was necessary for their respira- 
tion. From a peculiarity of the mouth, it is inferred that they 
were carnivorous, preying probably on naked Mollusca or 
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Annelida, with which their remains are found associated. But 
one of the most interesting facts connected with them is the 
structure of their eyes, which resemble those of insects described 
in our Tract on ** Microscopic Drawing.” They consist of a vast 
number of minute lenses of octagonal form, set in the ends of 
tubes arranged side by side, so as to produce a radiating mass of 
eyes, enabling the animal to look at the same time in every direc* 
tion. As many as four hundred of these lenses have been found 
set in a single cornea. 

63. Such a structure proves, if proof were wanted, that the 
properties of light, and of the transparent media constituting the 
atmosphere and water, were, at the remote epochs when the earth 
was tenanted b}^ those creatures, what they now are. With 
respect to the waters,” says Dr. Buckland, in reference to these 
creatures, ‘‘we conclude that they must have been pure and 
transparent enough to allow the passage of light to organs of 
vision, the nature of which is so fully disclosed by the state of 
perfection in whicli they are preserved. With regard to the 
atmosphere, also, we infer, that had it differed materially from 
its actual condition, it might have so far affected the rays of light 
that a corresponding difference from the eyes of existing Crus- 
taceans would have been found in the organs on which the 
impressions of such rays were then received. Regarding light 
itself, also, we learn, from the resemblance of these most ancient 
organisations to existing eyes, that the mutual relations of light 
to the eye, and of the eye to light, were same at the time 
when flrustaceans, endowed with the faculty of vision, were first 
placed at the bottom of the primeval seas, as aft the present 
moment. Thus we find among the earliest organic remains, an 
optical instrument of most curious construction, adapted, to 
produce vision of a peculiar kind, in the then existing repre- 
sentatives of one great class in the articulated division of the 
^ animal kingdom. We do not find this instrument passing onwards, 
as it were, through a scries of experimental changes, from the 
more simple into more complex forms : it was created, at the very 
first, in the fulness of perfect adaptation to the use and condition 
of the class of creatures to which this kind of eye has ever been, 
and is still, appropriate. If we should discover a microscope, or 
telescope, in the hand of an Egv^ptian mummy, or beneath the 
ruins of Herculaneum, it would be impossible to deny that a 
knowledge of the principle of optics existed in the mind by which 
such an instrument had been contrived. The same inference 
follows, but with cumulative force, when we see nearly four 
hundred microscopic lenses set side by side in the compound eye 
of a fossil trilobite ; and the weight of the argument is multiplied 
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a thousand-fold, when we look to the infinite variety of adapta- 
tions by which similar instruments have been modified, through 
endless genera and species, from the long-lost Trilobites of the 
transition strata, through the extinct Crustaceans, and the count- 
less hosts of living insects. It appears impossible to resist the 
conclusions as to unity of design in a common Author, which are 
thus attested by such cumulative evidences of Creative Intelligence 
and Power ; both as infinitely surpassing the most exalted faculties 
of the human mind, as the mechanisms of the natural world, 
w^hen magnified by the highest microscopes, are found to transcend 
the most perfect productions of human urt.’^ 

64. In like manner the lias, which is the earliest deposit of the 
Oolitic period, is characterised by various organic remains, as well 
of reptiles as of mollusca and the lower divisions. Among the 
latter may be mentioned a particular species of Ammonites, called 
thcilmmonites Bucklandi, and among the former the ichthyosaurus, 



or fish-lizard, is an example of an extinct animal of this tribe, which 
has the muzzle and general aspect of a porpoise, the head of a lizard> 
the teeth of a crocodile, the vertebrie of a fish, the sternum or 
breast-bone of an ornithorhynchus, and the fins of a whale. The 
enormous magnitude of the eyeballs was one of the peculiarities 
of this genus. The cavities in which they were lodged, in one of 
the species, measured not less than fifteen inches in diameter. A 
ring of bony plates surrounded the socket, which apparently 
seemed to protrude more or less the globe of the eye, and vary the 
convexity of the cornea, so as to adapt the organ for near or dis- 
tant vision. This, combined with the great power of the fins or 
propellers, must have conferred upon the reptile great promptitude 
in perceiving and seizing its prey. 

These reptiles were essentially aquatic, and the form of their 
teeth proves them to have been carnivorous. Their coprolites, 
or fossilised excrements, show that their intestine was spirally 
arranged, like that of certain fishes. 

65. The Wealden strata, lying near the upper part of the oolitic 
and the lower part of the cretaceous, is characterised by remains 
of the Monoootyledonous * division of plants, by ferns, by various 

* Having only one se^-lobe. 
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tribes of the lower animals, by insects, fishes of the genus Lapidotus, 
and, among the colossal class of reptiles, by the Hyla)Osaurus, and 
among terrestrial quadrupeds, by the Iguanodon. 

66. Among the numerous animals characteristic of the Cretaceous 
period may be mentioned the Mososaurus of Holfman, the Belem- 
nites mucronatus, the Terebratula plicatilis. 

67. In cases where a group of strata is characterised by the pre- 
valence of a particular family of fossils, which first appear at its 



Fig. 8. — Amnjouitob llunipriusiuinus. 


lowest, and finally disappear at its uppermost layer, the succeeding 
strata arc often distinguishable one from another, by the preva- 
lence in them of a difierent species of this generic family. Thus 


Fig. 9. 


Fig. 10. 



Nautilus Dauiaus. 


Fig. 11. 






for example, the Ammonites, so called from their spiral form, re*- 
sembling the horn sculptured on the head of Jupiter Ammon, 
commence in the Silurian and finally disappear after the chalk. 
But each stratum, from that in which the family first appears 
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to that in which it disappears, is distinguished by the presence of 
a peculiar species. Of 222 species of Ammonites 17 belong to the 
oldest fossiliferous rocks, 7 to the carboniferous system, 15 to the 
new red sandstone, 137 to the oolite, and 47 to the chalk. 

68, Among the organic remains characteristic of strata or groups 
of strata, the following examples may be mentioned : Fossil Cepha- 
lopodes are exceedingly numerous in the palfcozoic group ; but of 
all the genera hitherto discovered, one only, that of the nautilus, 
has come down to the present times. 

These fossils appear in great numbers in the lower strata of the 
secondary rocks, are few in the lias and oolite groups, re-appear in 
great numbers again in the cretaceous, and neai'ly disappear from 
the tertiary rocks. 

The examples are so numerous, and preserved in such per- 
fection, that it is diflicult to select any in preference to another, 
as illustrations of their forms. The nautilus, the only surviving 
genus of the Tentaculiferous Cephalopodes in the first periods of 
animal life, had nearly the form which it still retains. 



Fiff. 12. — Murchisoniu Bigraimlosa. 

69, Fossil Gasteropodes are, like the Cephalopodes, extremely 
numerous. The terrestrial and fluvial genera have in general 
appeared for the first time in the Tertiary period ; but marine 
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genera have been found in all the rocks from the Silurian 
upwards, and in gradually increasing numbers. They were, 
therefore, among the earliest manifestations of animal life on the 
globe; and what is remarkable is, that most of the genera, 
including even tljose of the Silurian period, still survive. 

The close analogy of these ancient forms with the existing 
species will be manifest, by some examples taken from among the 
countless numbers of fossil shells collected by geologists. 

A fossil shell from the Permian group is shown in fig. 12, and 
one found in all the tertiary beds, in fig. 13. 

One of the genera which first appears in the middle strata of 



Fig. 14. — Vohita Kgata. 

the cretaceous group is shown in fig. 14, and one which begins in 
the middle of the oolite, in tig. 15. 



Fig. 15.— Pterocera Oceani. 




Fig. 66,— BARREN ISLAND IN THE BAY OF BENGAL. 


THE CEUST OF THE EARTH ; 
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70. Thb Spondylas, fig*. 16, 17, of which there are forty-five 


Pig. 1«. 


Fie.lT. 



SponJylus Spinoeus. 

fossil species, first appears in the lowest stratum of the cretaceous 
group, and presents an example of the fossil Lamellibranchise. 

71. The Pentamerus, figs. 18, 19, of which there are twenty- 
one fossil species, is an example of the Brachiopoda. This is 



first seen in the lowest strata of the silur^n group, and becomes 
extinct after the Devonian period, so niat its existence was 
limited to the earliest epochs of animalisation. 

71^. Tlie lieticulipora, figs. 20, 21, 22, 23, an example of the 
Bryozoares, is an extinct genus Ketepora, of which there are five 
fossil species known ; the first in the middle strata of the oolites, 
and the others in the upper strata of the cretaceous group. In 
this the meshes are formed of high vertical laminae, supplied 
with cells by transverse lines on each side ; fig. 20 shows the 
whole in its natural size; fig. 21, the external part magnified; 
fig. 22, the internal part magnified ; fig. 23, the laminae as shown 
mth a still higher magnifying power. 
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73, The Ceratites belong to the famUy of the mollusca 
called Bacculine, the only known gpeoies of them found in the 
lowest strata of the cretaceous system. 

Fig 20. 
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Reticulipora obliqua. 


74. Among the most wonderful results of the animalisation of 
the earth, in the remote geological periods, is the enormous extent 
of matter which various species of animals elaborated from the 
gaseous or liquid element around them, by vital action, and 
which have remained as a perpetual record of their presence. 
Whole islands, and even continents, have been produced by the 
secretive* functions and other vital agencies of countless myriads 
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of these living instruments. Ehrenberg, the celebrated Prussian 
microscopist and naturalist, mentions a stratum in Germany, not 
less than 14 feet in thickness, com- 
posed exclusively of the shells of 
animalcules, so minute that forty 
thousand millions of them would 
not fill a space greater than a cubic 
inch. Mountains, hundreds and 
even thousands of feet in height, are 
found to be composed exclusively of 
organic matter. The strata of ve- 
getable origin are not less exten- 
sive, consisting of forests engulfed 
by the subsidence of vast tracts of 
land, or embedded in the mud of 
rivers and estuaries, of lignite 
and brown coal in the tertiary de- 
posits, of coals and shales in the 
carboniferous strata, and of silicified and calcified trunks of 
trees in the tertiary and secondary formations. 

i5. But the strata which consist wholly or principally of 
animal remains are so numerous, and of such vast extent, that, 
as Dr. Mantell observed, the exclamation of the poet may be 
reiterated by the philosopher, 

“Where is the dust that has not been alive ?” 
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Fig. 24. — CeratiioB Nodosus. 


for there is not an atom in the superior strata of the crust of the 
globe that has not probably passed through the complex and mar- 
vellous laboratory of vitality. 

The various families of animals from the infusoria and 
2oophytes, up to man himself, have then contributed more or less, 
by their organic remains, to form the solid crust of the globe. 
The following table, taken from the work of Dr.* Mantell, pre- 
sents a concise view of some of the most obWous examples of 
these remarkable deposits. 


Rucks Composed wholly or partly of Animat. Remains. 


1 strata. 

Prevailing Organic Remains. 

Formations. 

1 

1 Trilobite schist , 

Trilobites ..... 

f Silurian i 



1 system. 1 

Dudley limestone . . 

Corals, crinoidea, crustaceans, 
shells, &c. . , . , 

} ” 

Shelley limestone . i 

Brachiopodous shells . 

iy 
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Rocks Composed wholly or pabtlt of Animal RisMAiKa ‘ 1 

1 

Strata. 

Prevailing Organic Homaius. 

Formatious. 


f 

Carboni- 

Mountain limestone . 

Corals and shells , . . •( 

ferous 

system. 

Encrinital marble . . 

Crinoidea and shells , 


Mussel-band 

Fresh water mussels . . , 


Ironstone nodules . . 

Trilobites, insects, and shells 


Lias-shales and clays . 

Pentacrinites, reptiles, fishes . , 

Lias. 

Limestone . . . 

Terebratulne, and other shells 

It 

Lias conglomerates 

Fishes, shells, comls . . . 

tr 

Gryphite limestone 

Shells, princijially gryphites 

It 

Shelley limestone 

Terebratula?, and other shells . , 

j Inferior 
\ oolite. 

Stonesfield slate . 

Shells, reptiles, fishes, insects 

Oolite. 

Pappenheim schist . . 

Crustacea, reptiles, fishes, insects 

It 

Bath stone • . | 

Shells, corals, crinoidea, reptiles, 1 
fishes . • , . / 

tt 

Ammonite limestone 

Shells of cephalopoda, principally \ 
ammonites . . . j 

tt 

Coral rag . 

Corals, shells, echini, ammonites 

t* 

Bradford limestone 

Crinoidea, shells, corals, cephalopoda. 

,, 

Poilland oolite . . 

Ammonites, trigonhe, and other 1 
shells , , • , . J 

» r 

Purbeck and Sussex T 
marble . • J 

Fresh water-shells and Crustacea . 

Wcalden. 

Wealden limestone 

Cyclades and other fresh-wateri 
shells, Crustacea, reptiles, fishes J 

tt 

! Tilgate grit (some beds) 

Bones of reptiles, fishes, fresh- \ 
water shells . , • • J 

>> 

! Famngdon gravel . . 

Sponges, corals, echini, and shells 

Green sand. 

Jasper and chert 

Shells 

tt 

1 Green sand . . . 

Fibrous zoophytes 

tt 

i Chalk . . 

1 . . r 

Polythalamia and other animal- J 
cules . . . . L 

Corals, shells, ammonites, be- 1 
lemnites, and other cephalo- V 

Cretaceous. 

! Maestricht limestone ■< 


! . 1 
Hippurite limestone . 

poda, reptiles . . , J 

Shells, principally hippurites . . 


j Hard chalk (some beds) 

Echini and belemnites 

Sponges and other fibrous zoo- 1 

tt 

Flints . . 

phytes ; infusoria, &c., echini, V 
shells, corals, crinoidea . . J 

tt 

Limestone . . . 

Fresh-water shells • . 

Tertiary. 

Nummulite rock 

Nummulites 

tt 

Septaria . . 

Nautili, turritellfle, and other \ 
shells . . , . . J 

tt 

Calcaire grossier 

Shells and corals . . . . 

tt 

Gypseous limestone 

Bones of mammalia (Palajotheria, I 
&c.), bii’ds, reptiles, fishes . J 

i 

tt 
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Bocks Composed wholly or partly op Animal Remaiks. j 

Strata. 

Prevailing Oi^anic Retn.'iins. 

Formations. 

Laenstrine marl . . ^ 

Cyprides, phryganea, fresh-water I 
shells J 

Tertiary. 

Monte Boica limestone 
Bone-breccia . . . 

Sub- Himalaya sand- \ 

Fishes . . . . . . 

Mammalia, and laud shells 

Bones of elephants, mastodons, 1 

i 

»» 

» i 

stone . . . J 

re})tiles, &c. . . . J 

” 1 

Tripoli . . . . 

Infusoria ..... 

„ 1 

Semiopal . 

Infusoria . . . . . 


Richmoihl earth . . 

Infusoria ..... 

11 1 

Gnadaloupe limestone 

Human hones, land shells, aud 1 
corals . . . . J 

r Human J 
1 eiioch. ! 

Bermuda limestone 

Corals, shells, serpuljB, infusoria 

Bermuda chalk . . 

Comminuted corals, shells, &c. . 

y y 

Bog iron ochre . 

Infusoria ..... 

yy 

Siliceous limestone . . i 

. . • . . . . i Tertiary. , 


Even in this list, extensive as it is, numerous strata in which 
animal remains largely predominate, have been omitted. In the 
tertiary and more recent deposits, every order of existing 
animated nature is found. The hones of man, however, are 
confined to the superficial part, which lias been formed since the 
globe was peopled by the races which now inhabit it. 

76. How completely changed the inhabitants of the earth have 
been from one geological period to another, may be inferred from 
the following observations of Sir 11. Murchison. “ Beginning,” 
says he, “v/ith the rcrtchrataf are not the fishes of the old red 
sandstone as distinct from those of the carboniferous system, on 
the one hand, as from those of the Silurian on the other ? M. 
Agassiz has pronounced that they are so. Are any of the crus^ 
iaceanSf so numerous and well defined throughout the Silurian 
rocks, found also in the carboniferous strata ? I venture to reply, 
not one. Are not the remarkable Cephalopodus mollusca^ the 
JPhrtvjmoceras^ and certain forms of Liiiiites^ peculiar to the older 
Silurian system ? Is there one species of the Crinoidea figured, 
known in the carboniferous strata ? Has the Serpuloides longis- 
9imu8^ or have those singular bodies the Graptolites, or, in 
short, any zoophytes of the Silurian system been detected in 
the well-examined carboniferous rocks? And in regard to 
the corals, which are so abundant, that they absolutely form 
large reefs, is not Mr. Lonsdale, who has assiduously com- 
pared multitudes of specimens from both systems, of opinion, 
that there is not more than one species common to the two 
epochs ? ” 
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77. These anticipations of Sir II. Murchison have been more 
than realised by the subsequent researches of M. D’Orbigny, 
founded upon his own observations, which extended over a large 
portion of the Hew as well as of the Old world, and upon th% entire 
mass of facts connected with the analysis of the crust of the earth 
collected by the observations of the most eminent geologists in all 
parts of the world. It appears from these researches, that during 
the long series of periods of geological time from the first appear- 
ance of organised life upon the globe, to the period in which the 
human race and the contemporaneous tribes were called into 
existence, the world was peojded by a series of animal and vege- 
table kingdoms, which w’ere successively destroyed by violent 
convulsions of the crust, which produced as many devastating 
deluges. The remains of each of these ancient creations are de- 
posited in a series of layers or strata one over the other ; and from 
an examination of them it has been found that each successive 
animal kingdom was composed of its own peculiar species which 
did not appear in any posterior or succeeding creation, but that 
genera once created were 1‘requcntly revived in succeeding periods ; 
that many of these genera, however, became extinct long before 
the arrival of the human period ; that during the human period no 
new genus was called into existence, except that of the human 
race, which, however, according to the idea of the most eminent 
naturalists, ought to be regarded as an order rather than a genus. 

Each of the succeeding animal kingdoms which thus temporarily 
inhabited the earth consisted of many hundred species. Thus it 
has been ascertained by M. D’Orbigny, that there are deposited in 
the Cambrian or Lower Silurian strata not less than 418 species of 
the animals which inhabited the globe in the first period of its 
animalisation, and that these included specimens of all the princi- 
pal divisions of animals from the Vertebrata downwards. 

It will be sufficient, however, for the present, thus briefly to 
indicate these important discoveries, which we shall develop much 
more fully in the next volume of these series. 

78. As already explained, the strata, when originally deposited, 
must in all cases have had a horizontal 
position, and they must succeed each 
other in their normal order, whenever the 
part of the earth at which they lie has 
undergone no disturbance subsequently 
to the date of their deposition, which has 
sometimes been the case with extensive 
plain countries. In such cases, there- 
fore, a section of the crust would exhibit them in parallel and 
horizontal layers, as in fig, 25. 


Pig. 25. 
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79. In undulatiDg and mountainous countries it is found, 
however, th^it, instead of being horizontal, they are variously 



inclined (fig. 26), and sometimes bent into, or even beyond, the 
vertical direction (fig. 27). 

When it is considered that at the time of their deposition the 

strata must have 
been horizontal, it 
will be evident that 
the position shown 
in these figures could 
only have been given 
to them by a force 
acting from below, 
by which they were 
heaved upwards, 
and by which the crust was broken, the igneous rocks having 
forced themselves through it. 

80. In such cases hills or mountains of greater or less elevation 
are formed, at the summits of which the igneous rocks which 
have been protruded through the stratified crust are at the 
surface, and the edges of the strata thus broken are ranged along 
the flanks, the lowest or most ancient being nearest the summit, 
and the others succeeding each other in their proper order in 
descending towards the adjacent valley or plain. 

81. It will be evident that the stratum whose edge is highest 
on the mountain is that which lies the lowest on the plain, and 
that whose edge is lowest on the mountain is that which is 
highest or nearest the surface on the plain. 

82. In4he cases here exhibited the igneous rocks have split the 
stratified crust and broken quite through it. This, however, is 
not always the case. It often happens that the uplifting force 
loses its energy before the superincumbent strata are cracked, in 
which case they would cover the elevation preserving the 
order of their superposition, but would be, as before, inclined 
in accordance with the declivity of the hill produced by the 
uplifting force. 


Fig. 27. 




DISRUPTION OP STRATA. 


83. In other cases the superior strata, but not the inferior, are 
broken through, as shown in fig. 28. The edges of the disrupted 

Fig. 28. 








broken strata are ranged on each of the opposite declivities in tho 
same order as already described. 

84. It happens often that after the cessation of the disturbing 
force, by which the strata have been uplifted, the land having 
been again submerged, new depositions take place, the strata of 
which are of course horizontal and superposed upon those ren- 
dered oblique by the previous disturbance. This sort of super- 
position of strata is called by geologists discordant or unconform- 
able stratification, and wherever it occurs it affords evidence of 
the action of a disturbing force from below, the geological date of 
which can be determined with more or less precision by a due 
examination and comparison of the superposed strata. * 

Cases of this kind of discordant stratification are shown in fig. 
28 and fig. 29, in both of which horizontal strata deposited upon 
the oblique strata, are disposed along the slopes of the elevation. 

85. It is evident that the epoch of the action of the disturbing 
force must, in all cases, have been posterior to that of the deposition 
of the inclined, that is, of the disturbed strata. It is equally 
apparent that the disturbing action must have ceased before the 





THE CRUST OF THE EARTH. 


depOBition of the lowest of the Buperincumbent horizontal strata. 
The date of the disruption is therefore fixed geologically at some 
period between those of the deposition of the two strata just 
mentioned. Now whenever it so happens that the lowest, and, 
therefore, the first deposited of the horizontal strata, stands the 
next in order above the highest of the inclined strata in the 
geological scale, the date of the disruption is geologically fixed, 
being at the epoch between the deposition of two strata which 
follow each other in immediate succession. 

But if, as often happens, the lowest of the horizontal strata 
hold a place in the geological scale separated from the highest of 
the inclined strata by several intermediate layers, which are 
locally absent, then the date of the catastrophe becomes more 
uncertain, inasmuch as it may have taken place at any epoch 
between those of the depositions of the highest of the inclined and 
the lowest of the horizontal strata. 

86. Nothing is more beautiful or conclusive than the reasoning 
by which the geological dates of mountain-ranges have been 
determined by these means. One of the most interesting con- 
sequences resulting ^om the observation of such discordant 
stratifications as are here described, is the means they afibrd 
geologists of determining the relative ages of different ranges of 
mountains. Thus, for example, it is easily demonstrated that the 
mountains of Cumberland, Lammermuir, and the Orampians were 
raised above the surface of the ocean long before the Alps had 
burst the crust of the earth, and before even the continent of 
Europe was dry land. An examination of the slopes of these 
British ranges shows that the strata dislocated and inclined are 
those of the old slate and limestone, while the level strata super- 
posed upon them in the adjacent plain are the more recent ones of 
the red sandstone. It follows that these ranges were raised above 
the waters posterior to the epoch of the deposition of the old slate 
and limestone, but antecedently to that of the red sandstone ; and 
since the red sandstone has been deposited horizontally along their 
base, it follows that the land surrounding them was covered with 
water subsequently to their elevation. 

An examination of the Alps gives a very different result. On 
the flanks of these mountains the tertiary strata are found 
inclined, sloping downwards, until they become level upon the 
general surface of Europe. It follows, therefore, that the date of 
the disruption to which the Alps owe their elevation was poste- 
rior to the deposition of the tertiary strata -upon the European 
continent, while the elevation of the British ranges above men- 
tioned was anterior to the deposition of the red sandstone ; from 
which it follows that the Grampian, Lammermuir, and Cumbrian 
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mountainB were dry land, while the greater part of the continent 
of Europe was covered by the ancient ocean, and long before the 
Alps were reared above its surface. 

In a subsequent tract this subject of the relative ages of the 
mountain system will be more fully developed. 

87. From what has been here explained, and from inspection 
of figs. 26 to 29, the manner in which geologists have been 
enabled to analyse the crust of the earth to depths far exceeding 
any which could be reached by direct excavation, mining, or 
boring, will be easily understood. Nature herself, by these pro- 
digious disruptions, has exposed to view the structure of the 
sedimentary strata in all cases where no subsequent deposition 
has taken place over them, lly such disruptions it often happens 
that the strata are inclintd over a large extent of country, the 
surface of which, intersecting their planes at a very oblique 
angle, is necessarily formed by the section of the strata in the 
order of their superposition, the breadth of the several sections 
being so much the greater, the more oblique the angle formed by 
the horizontal plane with the xdanes of the strata. 

In fig. 30 the strata are represented inclined very slightly from 


Fig. so. 



the perpendicular, and consequently the breadth of each stratum 
at the surface is very little greater than its actual thickness ; but 
it will be easily understood that if the obliquity of the strata to a 
level plain were greater, a very thin stratum would present at the 
surface a considerable breadth. Supposing then the complete 
series of strata in any tract of country to be inclined at a very 
oblique angle to the level plain, it will be easily understood that 
in travelling in a direction at right angles to the lines of intersec- 
tion of the strata with the surface, the succession of strata may 
be examined, and a much greater extent of their thickness sub- 
mitted to observation, than could be accomplished by any artificial 
Beotions of horizontal strata. 

88. Among the indications afforded by discordant stratifications 
of past convulsions to which the land has been subject, are some 
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whicR show that, by the violent agitation of the waters consequent 
on sudden changes of level of their bed, and of the parts of con- 
tinents over which they have swept, strata already formed have 
been partially broken up and carried away by currents. Excava- 
tions, such as that represented in fig. 32, are explained in this 
manner. 


Fig. 32. 



In such cases it has often happened that the waters under 
which such broken strata were submerged, having again become 
tranquil, a new series of strata have been deposited horizontally, 
filling up the excavation thus formed, as shown in fig. 33. 


Fig. 33. 



89. Closely allied with the matter ejected from volcanoes are the 
Basaltic deposits, which form so grand a feature in the scenery of 
many countries with which travellers are familiar. 

All the circumstances and characters which attend these rocks 
conspire to show that they have issued from openings in the crust 
of the earth in a state of fusion much more complete than that of 
volcanic lava, and in the process of cooling have, in many cases, 
been crystallised, so as to assume those remark able varieties of the 
columnar form, so conspicuously developed in the north of Ireland, 
the Scottish Islands, and many other parts of the world. 

The Basaltic rocks are characterised by a dark colour and a 
compact base of the mineral called LahradoritCy including black 
pyroxene, generally the magnetic oxide of iron, frequently 
peridote, and sometimes crystallised feldspar, to which they owe 
their porphyritic structure. 
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90. The fluid basalt often assumes the form of prismatic columns 
in the process of crystallisation, consequent upon slow cooling. 
Mr. Gregory Watt imitated this artificially by reducing 7 cwt. of 
Dudley basalt to fusion and causing it to cool slowly, when 
globular masses were formed, which gradually enlarged and 
pressed one against the other, until they forced themselves into 
regular columns, resembling in all respects those of natural 
basalt. 

In some places basalt forms vast plateaux of considerable thick- 
ness, in others it is found in detached sheets of less extent, at 
points of mountains, more or less distant one from the other, and 
at the same level, as if it had originally been a single sheet and 
had been disrupted, by the convulsions of which the mountains 
have been the result. 

In some cases the basalts form isolated masses or mounds rising 
in the midst of plains, altogether removed from all similar forma- 
tions. They are also often found in veins in the strata of the 
earth, like those of minerals. They sometimes also present them- 
selves as extensive walls, or in a series of separate mounds having 
a common direction. When basaltic rocks are presented in the 
form of sheets or mounds, the upper part is generally composed of 
porous cellular scoriform matter, irregularly divided, and termi- 
nated below by a plane surface, sensibly horizontal. When the 
mass is composed of several layers, these layers are separated one 
from another generally by thin beds of rapilli.* 

91. Basaltic deposits are much more extensively scattered over 
the surface of the globe than those of ordinary volcanic origin. 
Unlike volcanic products, they are not confined to particular cen- 
tres of action, but appear to have been produced wherever the 
terrestrial crust, yielding to the pressure from below, was rent 
so as to give issue to the fused matter. In the British Isles ba- 
saltic products are found in various places, and more particularly 
in the north of Ireland and Scotland. In France they are found 
everywhere from the northern part of Auvergne to Montpellier, 
and even to Toulon. On the borders of the Rhine they extend 
from the Ardennes to Cassel, and are continued eastward into 
Saxony, Bohemia, and the surrounding countries. They prevail 
to a great extent in Iceland, are recognised in the West India 
Islands and St. Helena, in the island of Ascension, and in almost 
all the islands of the southern ocean. 

92. The tendency of these rocks to form themselves into pris- 
matic columns has more especially excited the attention of the 
curious. In some cases all the prisms converge to the summit of 
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a mound, which thus assumes a sheaf-like structure. In others 
they take the form of close columns with the most picturesque 
aspect. In others again, these columns, cut off at a certain level, form 
a sort of mosaic pavement, to which the name of causeway has 
been given. Of this one of the most magnificent examples is pre- 
sented in the case of the Giant’s Causeway, in the north of 
Ireland. 

93. Examples of similar formations are presented in different 
parts of Europe, and especially in the Vivarais, in the department 
of Arddche, in France. A remarkable series of basaltic causeways is 
there presented on the banks of the river Volant, between Vais and 
Entraignes, a view of which is given in fig. 31, p. 33. The colon- 
nades of Chenavari, near Rochemaure, fig. 34, and the dykes which 
are near the same place, fig. 35, present examples of other varieties 
of basaltic forms. 

94. Basaltic rocks, having all the prismatic characteristics above 
■described, are frequently presented in the form of mineral veins. 
Examples of this are found in the central parts of France, and also 
on the borders of the Rhine. Most commonly the matter composing 
the vein is compact or divided by irregular cleavage, but it also 
sometimes exhibits the prismatic form, the axis of the prisms being 
horizontal, fig. 3G. 

95. When basalts take the form of a mound, the lower part 
of the mass often presents a multitude of appendages which 



Fig. 34. — Colonnado of Chenavari, Fig. 55.— Dykes of Chenavari. 

•near Rochemaure. 


penetrate like roots into the subjacent earth ; showing that the 
matter in a liquid state had flowed into the crevices, and 
moulded itself there. The earth thus in contact with the 
basaltic mass is often found calcined to a considerable depth, 
and the vegetable remains which it includes are carbonised. 
Examples of this are presented upon the cliffs of the plateau of 
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Mirrabel, in the Vivarais, descending towards St. Jean ‘le ^foir, 
iig. 38, 


Fig. 3fi. Fip. 89. 



96. Grottoes, caves, and tunnels are often found in the midst of 
these basaltic masses, and in those of trap rocks, which have a 
close analogy to them. Examples of this may be seen in the Viva- 
rais, on the borders of the Rhine, near Bertrich-Baden, between 
Treves and Coblentz, where the columns forming the grotto con- 
sist of rounded blocks superposed, resembling a pile of cheeses, 
from whence the grotto has received the name of Ease Grotte, or 
Cheese Grotto, fig. 39. But by far the most magnificent of these 
basaltic grottoes is the celebrated Cave of Fingal, in the Island of 
Staffa, fig. 37, p. 49. 



Fig. 39.— The Kase Grotto of Bortrich-Baden. 


97. Another eruptive product of the terrestrial crust, still more 
extensive than the basalt, is the trachytic rocks, which form 
celebrated Puy-de-d6me, in Auvergne, the Mont D’or, the Cantal, 
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the M^zenc, and the MIgal, upon the borders of the Velay and the 
Vivarais. They prevail also on the right bank of the Rhine, and 
the Siebengebirge. They form immense groups in Hungary and 
Transylvania, in the Caucasus, in Greece, where their continuation 
appears in the islands of Milo and Argentiera and extends to the 
centre of Santorin. They reappear in the Lipari Islands, in the 
Campania, in the Euganean mountains, in the Azores, in the 
Canaries, in South America, where the loftiest heights of the Cor- 
dilleras are composed of them, in Central Asia, and in many of the 
islands extending along its coast to Kamschatka, 

98. The trachytic formation presents itself not only in isolated 
mounds, narrow bands, and sheets scattered over the surface of the 
globe like those of the basalt, but also in vast mountains, g-ene- 
rally assembled in large groups, forming the most elevated masses 
and covered with terrific asperities. Their flanks are torn by 
precipitous valleys and deep gorges. 

99. The matter composing these vast accumulations was evi- 
dently ejected from the bowels of the earth by the disruption of 
the crust, issuing in a state of pasty fusion through the opening 
thus made in the superjacent stratified rocks, fig. 40. 

Fig. 40. 
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THE CRUST OP THE EARTH ; 

OR, FIRST NOTIONS OF GEOLOGY. 


CHAPTEE IV. 


100. Elie De Beauiii out’s explanation of the formation of mountain chains 
— 101. Effects of the earthquake of 1838 in South America. — 102. 
Inference as to the probable effects of the vast eartliquakes wliich 
produced the great mountiiin ranges. — 1(13. DLslocjitions in })aral- 
lel directions produced jiarallel chains. — 104. Origin of mineral 
veins explained. — 105. Veins are found in groups — generally parallel. 
— 106. Deposition of rock-salt in cavities of Muschelkalk. — 107. 
Natural agencies still manifested are sufficient to explain all geological 
phenomena. — 108. Internal fluidity of the earth — 109. Effects of in- 
ternal heat on*the surface. — Why the climates of the higher latitudes 
at former tpochs were similar to those of the tropics at present — ex- 
planation of the presence of trojacal fossils in i)olar latitudes. — 110. 
The undulations and disruptions assumed by geologists as physical 
causes still proceed, though with less energy. — 111. Effects of ecarth- 
quakes — that of Calabria, 1783. — 112. Effects in Sicily. — 113. Earth- 
quakes at Chili. — 114. Earthquake of 1819 in India. — 115. Like 
phenomena recorded in all ages and countries, — 1 16. Similar phenomena 
traditional — island of Atlantis. — 117. Permanency of the sea-level 
proves the undulations of the land. — 118. Undulations of the Swedisli 
jieninsula. — 119. Similar changes in Greenland, and in the Indian 
archipelago. — 120. General sinking of South America. — 121. Singular 
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example of a submerged forest on the Tresterii coast of Ajiierica. — 122. 
Temple of Jupiter ^rapis. — 123. Historical researches of Professt r 
Forbes. — 124. Tradition of a submei^ged city under Lough Neagh. — 

125. Why these undulations of the earth’s crust might be expected. — 

126. Effects of disruption of the crust. — 127. Volcanic eruptions of 
1808 in the Azores, — 128. The Monte Nuovo, 

100. The formation of cracks and fissures in the crust of the 
globe has been ingeniously explained by M. Elie de Beaumont, as 
the natural and necessary consequence of the process of superficial 
cooling taking place upon a globular mass of matter in a state of 
fusion. 

To render intelligible the reasoning and theorj" of this eminent 
geologist and naturalist, let us suppose the globe, as we have for- 
merly described it, to have been originally in a state of igneous 
fusion, and to undergo a gradual superficial cooling, by which a thin 
solid shell would be formed upon it. The contraction of this shell, 
taking place from its inner towards its outer surface, would leave 
a vacant space between the central mass in fusion and the concave 
interior surface of the solid shell. Supposing also, as we have 
formerly explained, that after the external surface had fallen below 
the temperature which maintains water in a state of vapour, th(‘ 
atmospheric vapours, being condensed, had fallen in rain ; the ex- 
ternal surface of the terrestrial spheroid would then have been 
covered with an ocean of uniform depth and would consequent!}' 
have been totally destitute of land. 

An imaginary section of a part of the terrestrial crust in this 
state is represented in fig. 41, where h is the solid crust, a the 
liquid central mass, d the intermediate vacant si)ace, and c the 
ocean of uniform depth covering the entire surface. 


VifT. 41 . 



But the state of equilibrium which would maintain this state 
of things could not continue. The internal fluid matter would 
press more or less upon the thin crust surrounding it, which being 
unequal in its structure, would offer proportionately unequal re- 
sistance, and consequently yielding at its weakest points would 
be dislocated ns shown in fig. 42, the fragments being thrown 
into infinitely various positions. Thus the piece f being tilted 
obliquely, would be raised at one end above the surface of the 
ocean, depressed at the other. It would, therefore, form a chain of 
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mountains Tdth a gentle declivity on one side, and abrupt precipicci^ 
on the other, such as thePjrenees and the Andes. In other places 
the two parts fractured would form gentle declivities on both sides, 
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as at 7/. The matter in fusion within the crust forcing its passage* 
upwards in the opening between them would be solidified by the 
process of cooling on arriving above them. Thus chains of moun- 
tains would be formed of moderate declivities on both sides, having 
igneous rocks at their summits. 

In fine, some fragments, sucli as e, would remain nearly level, and 
would be pushed above the surface, in which case they would form 
extensive plains of dry land, or might remain below it, in which 
case they would form the bottom of a shallow sea. 

Thus we may understand in its most literal sense tlie brief 
description of the formation of the earth in the sacred records : 
“ God divided the land from the water, and saw that it was 
good.” 

Such dislocations of the terrestrial crust would not be eonfined 
to a single catastro])he, but would from time to time be reproduced. 
According as, by the continued process of cooling, the solid crust 
of the earth became thicker and thicker, a vacant space would 
still be produced between its inner surface and the central fluid 
matter, and like consequences would from time to time ensue, so 
that the history of the earth would consist of a series of convul- 
sions by which its crust would from age to age be disrupted, new 
chains of mountains being formed, and new continents being raised 
above the waters of the ocean and former ones submerged. Move- 
ments of the waters would necessarily attend each such convul- 
sion, compared with which the most violent oceanic commotion 
with which we are familiar is trancpiillity itself. 

101. It is related that the earthquake of 1838, which took place 
at Chili, in South America, although it did not change the level 
of the continent by more than a few feet, produced effects at the 
enormous distance of 4000 miles, extending even to the islands of 
Oceania. The earthquake on the coast of Peru laid in ruins all 
the towns along fte shore. At the moment of the shock, the 
waters of the ocean, raised with violence, were poured upon the 
coast, carrying with them an immense mass of sand and shingles, 
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and transporting vessels of the largest tonnage to a distance of 
four miles inland. 

102. When such effects arise from a change of the surface not 
exceeding a few feet in elevation, it may be imagined what pro- 
digious deluges must have been produced when the Alps and 
Pyrenees were raised to their present altitude from the ordinary 
level of the earth’s surface, or when the chain of the Andes was 
elevated by a dislocation, which must have extended over nearly 
3000 miles of the eartli’s surface. 

It cannot then be doubted that the consequenee of such con- 
vulsions would be universal ; and some idea may be formed of the 
extraordinary ravages which the frightful deluges consequent 
upon them would occasion upon the surface of the earth, especially 
at the moment when all levels of land and sea were changed in 
consequence of the dislocation which caused them, and when a 
considerable mass of sediment still in a movable state was trans- 
ported by the torrents of the ocean. It vrill not be considered 
extraordinary, that all the terrestrial animals should be at once 
destroyed by the immediate action of the waters, while the marine 
animals would suffer equal destruction by the violent transport 
of the terrestrial matter swept among them. 

103. M. Elie dc Beaumont has sho^vn that these movements of 
terrestrial dislocation have never been partial, but that each of 
them has been produced along lines, having one uniform direction, 
as may be seen in the case of the Pyrenees, of certain ranges of 
the Alps, and upon a still greater scale in the case of the Andes 
find the Himalayas. We shall show more fully hereafter that the 
parallel lines of mountains have been raised at the same epoch, 
and that the succession of convulsions by which the ranges of 
mountains having different directions were produced, can be de- 
termined, and their geological dates assigned with more or less 
precision. 

104. The circumstances which have been explained, attending 
the past history of the earth, have also produced cracks and 
fissures in its crust, through which the central liquid matter has 
been forced, and in which it has been solidified, forming veins of 
mineral matter different altogether from the strata which they 
intersect. These veins often contain earthy matter, such as 
carbonate of lime, sulphate of baryta, and quartz, in which case 
they ofier but little interest. They are, however, more frequently 
filled, either wholly or partially, with metalliferous substances, in 
which case they acquire great importance. These metalliferous 
veins are generally found either in the igne(^is or in the most 
ancient of the stratified rocks. 

105. It is rare that a single vein is met with. Most commonly 
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great numbers prevail in the same system of strata, and generally 
take a direction nearly parallel. Fig. 43 shows a transverse 

section of such a sys- 
tem. The similarity 
of the mineral matter 
which fills them de- 
monstrates their com- 
mon origin. It often 
happens that one sys- 
tem of such veins is 
intersected by another, 
presenting mineral 
contents totally difier- 
ent from the former. 
These are called cross 
veins. It is rare that 
a vein is completely 
filled with metalliferous matter. Most commonly, these sub- 
stances form threads, «, r, d, r, fig. 44, more or less 

irregular, included in the middle of the stony crystalline matter 
which fills the vein. The thickness of 
the metalliferous thread .varies at dif- 
ferent parts of the vein ; at some points 
it is considerable, and at others be- 
comes very small, often vanishing 
altogether. 

106. Numerous cavities are often 
formed in the midst of stratified rocks, 
probably by the dissolving action of the 
subterraneous waters. Such cavities, 
which are met with in alt the sedi- 
mentary strata, are generally filled after 
their formation with new substances 
totally different from the surrounding 
rock. It is thus that masses of rock- 
salt are found in the Muschel-kalk 
and in the Mames Iris6es, fig. 45. 

Similar masses of carbonate of zinc, 
as formed in the upper part of a stra- 
tum of transition limestone, are shown 
at c c, in fig. 30. 

107. Since the memorable revolution 
effected by Bacon in the conduct of phy- 
sical inquiries, a maxim has been uni- 
versally admitted and adopted, in virtue of which, in the formation 
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of hypotheses for the explanation of natural phenomena, no cause 
can be admitted, except such as can be shown to have real 
existence, and which, being admitted, shall appear to be sufficient 
to produce the phenomena which it is put forward to explain. In 
accordance with this rule, geologists are therefore required to show 


Fig 45. 



that the elevated internal temperature of the globe, those 
upheavings and disruptions of land, those sedimentary deposits 
from water, those ejections of fluid and pasty matter from clefts 
and caverns, those abrasions of the solid crust by the corroding 
action of water, and its modifications by the action of the atmos- 
phere, are severally real agencies stilh in visible operation, and 
producing eftects similar in kind though difierent in degree 
from those ascribed to them in geology, and also that even the 
difference in degree, which must be admitted to be often very 
considerable, admits of satisfactory explanation. 

Before, therefore, proceeding further in the exposition of the 
phenomena disclosed by the labours of geologists, we shall here 
pause for the purpose of showing the reality of the various phy- 
sical causes to which geologists have ascribed the phenomena. 
We shall see that like phenomena have been, and still are, 
developed on the surface of the earth ; and that the reasons why 
these agencies were more energetic at remote epochs than at 
present are sufficiently obvious. 

108. It has been already very fully explained in our Tract on 
“Terrestrial Heat,” that in descending deeper and deeper through 
the crust of the globe, the temperature continually rises ; so that 
at a depth which forms a very insignificant fraction of the semi- 
diameter of the globe, the materials which constitute it must 
have a temperature altogether incompatible with their continuance 
in the solid state, — a temperature, in short, which is above the 
point of fusion of tlie most refractory of these materials. 

109. The superficial heat of the earth may be considered, 
therefore, to result from the combined effects of solar and internal 
heat. In the present condition of the globe, the effects of the 
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lormer are incomparably greater than of the latter ; but it may be 
■imagined that at earlier epochs, when the solid crust of the earth 
Avas much less thick, the internal heat produced upon the sur- 
face a much more powerful effect; so that the climates of all 
])arts of the globe must have been much more elevated than at 
present. K'limerous effects compatible with this reasoning have 
been discovered by the researches of geologists. Thus, the 
organic remains of animals and plants found in the sedimentary 
strata deposited at earlier epochs in the growth of the globe, are 
such only as could have lived in climates of a much more elevated 
temperature, than those which now characterise the latitudes in 
which they are found. Thus, the fauna and the liora (terms 
adopted by naturalists to express the entire collection of animals 
and plants existing in any place) prevailing in high latitudes at 
remote epochs, w^crc such as could exist at present only within 
the tropics. 

110. The alternate upheavings, depressions, disruptions, and 
dislocations of the crust of the earth assumed by geologists in 
their explanation of the phenomena are still exhibited, though 
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(»n a much smaller scale, in the phenomena attending earth- 
<|uakos. These effects have been so fully explained in our Tract 
on “ Earthquakes and Volcanoes,” that little need be added to 
what has been there stated. As these phenomena are mani- 
fested at present, they arc most frequently more or less local, 
though sometimes their effects arc spread over little less than 
an entire hemisphere. The earthquake which took place in the 
island of Ischia, on the 2nd of February, 1828, was not felt 
in the slightest degree either in the neighbouring isles or upon 
the Continent ; while that of New Grenada, which took place on 
the 17th of June, 1826, exercised its influence over many thou- 
sand square miles. The earthquake which commenced in Lisbon 
in 1755, and which has been fully described in a former Tract, 
extended in one direction to Lapland, and in the other to Mar- 
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tinique. It was sensible, also, at right angles to this direction, 
from Greenland to Africa, where the cities of Morocco, Fez, and 
Mequinez were destroyed by it. Its effects were manifested in all 
parts of Europe at the same moment. 

Ill, These convulsions not only destroy entire cities and over- 
turn the most solid edifices, but they are attended with important 
modifications in the levels of the ground. Those of Calabria, in 
1783, supply remarkable examples of them, and are so much the 
more worthy of attention, as they were circumstantially described 
by several eminent men who were witnesses of the phenomenon, 
such as Vicencia, physician of the King of Naples, Grimaldi, Sir 
TV. Hamilton, and by a commission of the Royal Academy of Naples. 
The whole extent of the country was convulsed, the beds of the 
rivers were changed, houses were, some raised above the general 
level, and others at short distances from thorn sunk below it ; 
edifices of the greatest solidity were cracked in their walls, while 
certain parts of them were raised above others, and their founda- 
tions in many instances forced above the earth ; crevices were 
formed in the ground, some of which measured five or six hundred 
feet in width ; some were straight, some bifurcated ; sometimes a 
single enormous cleft having a certain direction was intersected at 
right angles by a number of others, fig. 46 ; others were developed 
m clefts radiating from a centre, like a broken pane of glass, fig, 47. 

» ome crevices laid open at the moment of a shock, and into whicli 
entire buildings had fallen, closed almost immediately again, 
crushing between their sides all that they had thus engulfed. 

In some cases the sides of the cleft were separated at the surface, 
but brought into contact with each other at a certain depth, figs. 
48-9. In other cases, the parts disrupted merely sunk below th(‘ 
other without ceasing to be in contact, fig. 50. 
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In other cases, the force which hurst the superior crust was 
suflioient, not merely to split it into different clefts, hut to pro- 
duce m it a vast cavity, from the edges of wliich clefts diverged 
fig. 61 . ® ^ 

In some cases a considerahle tract of ground was suddenly 
engulfed, carrying with it the plantations and buildings which 
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chanced to be upon it, and leaving nothing but a yawn- 
ing gulf, with sides nearly 
vertical, from 300 to 400 feet 5i. 

deep. In some instances an 
immense quantity of water 
was collected in the cavities, 
and formed lakes more or less 
considerable in magnitude, 
some of which had no ap- 
parent issue, while the water 
from others flowed in enor- 
mous torrents. In other cases 
the contrary effects were mani- 
fested, rivers and lakes sud- 
denly disappearing as if they had sunk into the bowels of the earth. 

112. While the principal of these earthquakes upon the Italian 
peninsula was limited to the tract between Oppida and Soriano, 
the phenomena were propagated under the straits of Messina to 
that city, more than half of which, with twenty-nine surrounding 
towns and villages, was swallowed up. The bottom of the sea 
sunk, the shores were torn by clefts, and all the ground along the 
harbour of Messina was inclined towards the sea, sinking sud- 
denly to the depth of some feet. The entire promontory by which 
the entrance to the harbour was formed, was swallowed up in an 
instant. 

113. The earthquakes which took place on the coast of Chili in 
1822 — 3o — 37, produced effects not less remarkable. Different 
parts of the coast from Yaldivia to Valparaiso, an extent of more 
than 2(X) leagues, was manifestly raised above the water, as well 
as several adjacent islands extending to that of Juan Fernandez. 
The bottom of the sea, to a considerable distance, was similarly 
affected. Upon the coasts, rocks formerly covered with water, 
were raised eight or ten feet above the level of the sea, covered 
with the shells attached to them. Hi vers, which emptied them- 
selves at different parts of the coast, and which were navigable 
to vessels of small tonnage, became fordable. At sea, well known 
anchorages were diminished in depth ; and various parts, where 
vessels formerly passed safely, were now complete shoals, inacces- 
sible to vessels except those of the lightest draught. 

114. Similar effects were manifested in India in 1819. A hill, 
60 miles long, and 18 wide, extending from S.E. to N.AV., was 
raised in the middle of a ffat country, barring the course of the 
Indus. Further south, and in a parallel direction, the ground was 
sunk and with it the town and fort of Sindre, which remained, how- 
ever, standing, though half submerged. The eastern embouchure 
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of the river became deeper at several places, and different parts of 
its bed, formerly fordable, ceased to be so. 

115. In the records of all ages and countries, effects of the 
same kind are recorded. Large crevices in the earth have 
been formed, deep gulfs opened, into which cities, and even 
whole countries, have sometimes been swallowed up. From these 
openings, mephitic vapours, water in enormous quantities, some- 
times cold, sometimes warm, have been ejected, and, occasionally, 
even flame has issued. Plains have been suddenly transformed 
into mountains, shoals produced in the deepest seas, mountains 
cracked and overturned, and mountainous tracts, many hundred 
miles in extent, suddenly levelled or replaced by deep lakes ; 
rivers, turned from their beds, have discharged their waters into 
cavities thus formed ; lakes, breaking through their banks, have 
been emptied, and their bottoms left dry, or have been turned 
through subterraneous openings suddenly formed beneath them. 
On the contrary, in some cases numerous springs, natural artesian 
wells, have been formed, sui)pl 3 ung waters which suddenly issued 
I'rom crevices of the rock or from tunnels. Thermal springs have 
been suddenly rendered cold, or altogether dried up, while others, 
on the contrary, have been produced where none existed. 

All these, and many other phenomena, indicate the existence of 
internal convulsions, by which the matter subjacent to the crust of 
the earth is driven upwards through its crevices. 

116. Independently of the phenomena of this class which are 
authentically recorded in history", many others are subjects of 
tradition. Thus, Pliny relates a tradition that Sicily had been 
separated from Italy, Cyprus from Syria, and Euboea from Ba'otia, 
by earthquakes. According to another classical tradition, a great 
island called Atlantis existed in ancient times west of the Straits 
of Gibraltar, having a numerous population. Its princes invaded 
Africa and Europe, but were defeated by the Athenians and their 
allies. Its inhabitants afterwards became wicked and impious, 
and the island was visited with the vengeance of the Gods, and 
swallowed up by the ocean in a single day and night. This 
legend is given by Plato, and is said to have been related to 
Solon by the Egyptian j)riests. According to all the analogies 
supplied by the phenomena described above, there is nothing 
impossible, or even improbable, in that part of this legend which 
refers to an island being engulfed by the ocean. 

117. The cases in which the dry land has been invaded by the 
sea, or the bed of the sea left dry by the retirement of the waters, 
has been popularly, and even by the scientific of former days, 
ascribed to the change in the level of the waters of the ocean, 
their elevation producing inundations, and their fall leaving 
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tracts, formerly covered, dry. Considering the solid and appa - 
rently permanent character of the land on the one hand, and the 
extreme mobility of water on the other, such a conclusion was 
natural, and almost inevitable, until clear evidence of the con- 
trary was obtained. It has, however, been proved that the very 
reverse has been the case of such phenomena, the mobility apper- 
taining to the land, and the permanence to the sea. It has been 
shown, by observations made upon the level of the ocean, that it 
has not sufiered any general change within historic times ; but, 
on the contrary, that the cases in which the land has been inun- 
dated by the ocean must be ascribed to the sinking of the land, 
and those In which the waters have deserted their bed to the 
rising of the bottom of the sea. 

118. These changes in the level of the crust of the earth have 
been in some cases sudden, as when they are produced by earth- 
quakes, but in others they have been 'so gradual that they ^ould 
only be ascertained by observation extending over long intervals 
of time. It had been long observed in different parts of Sweden, 
that the level of the surrounding ocean was subject to an apparent 
but slow and gradual change, in some places rising, in others 
falling. The Academy of Ilpsal, in 17 ill, commenced a series of 
observations with a view of determining the fact whether this 
apparent change of the ocean were real, or whether it were not 
caused by an actual change in level of the land. Marks were 
accordingly cut upon the faces of rocks at the level of the sea, and 
at the end of some years these marks were several inches above 
that level, from whence it was in the first instance inferred that 
the Baltic had suffered a depression of its level, so as to leave 
more or less of the bottom dry. These observations, however, 
being continued and multiplied, it was soon rendered apparent 
that, while the level of the Baltic remained unchanged, the 
phenomena were produced by actual changes in the level of the 
land. It was found that the apparent depression of the level of 
the ocean was different in different places, and thot in some 
places, on the contrary, it appeared to have been even raised. 
Thus, while at certain points the apparent depression amounted to 
several inches, in others it did not exceed a fraction of an inch ; 
at some places, such as the coast near Christianstad, the level of 
the sea appeared to be elevated. The conclusion deduced from 
all these observations was, that the apparent change of level of the 
sea was produced by a slow and gradual upheaving of the land in 
some places, and a sinking in others ; that in Finland, and in a* 
great part of Sweden, the surface was gradually raised without 
any perceptible shock, while in the southern parts of the peninsula 
a corresponding depression was produced. 
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119. Similar swellings and' depressions of the land have been 
manifested elsewhere. Thus, for four centuries, the western 
coast of Greenland has been continually sinking through an 
extent of 600 miles north and south. Ancient buildings, as well 
upon the low islands of the coast as upon the mainland, have been 
gradually submerged, and the removal to considerable distances 
inland of various establishments which formerly existed upon the 
coast, has been rendered necessary. Similar sinkings of the surface 
have been manifested in certain islands of the Southern Ocean, 
especially in the Indian Archipelago. 

120. It would even appear, from a comparison of the observa- 
tions of Messrs. Houssingault and Humboldt, separated by an 
interval of thirty years, that the whole continent of South 
America is gradually sinking, and, if this process be continued, 
at some distant epoch it may even be submerged. The observa- 
tions* referred to show that the altitudes of the Andes at the 
epoch of the observations of Houssingault were less than those 
given by the anterior observations of Humboldt; and these 
results are confirmed by the fact that the snow-line in this 
range of mountains has, in the interval referred to, apparently 
risen. 

121. An interesting modern example of the subsidence of a con- 
siderable tract of country, clothed with forests, the trees remain- 
ing erect, although submerged beneath a river which still flows 
over them, is described by a late American writer, and will 
serve to illustrate these remarks. The whole district, from 
the Rocky Mountains on the east, and the Pacific Ocean on the 
west, and from Oueen Charlotte’s Island on the north, to Cali- 
fornia on the south, presents one vast tract of volcanic formation. 
Basalt — both columnar, and in amorphous masses, veins, and 
dykes — everywhere occurs, and craters of extinct volcanoes are 
still visible. Elevations and dislocations of the strata have taken 
place on an immense scale ; and successive beds of basalt, amyg- 
daloidal trap, and breccia, prove the alternation of igneous action 
and periods of repose. Within a few miles of the falls of the 
river Columbia, and extending upwards of twenty miles, trees are 
seen standing in their natural position, in a depth of water from 
20 to 30 feet. The trees reach to high or fresh- water mark, which 
is 15 feet above the lowest level of the tide ; but they do not 
project beyond the freshet rise, above which their tops are decayed 
and gone. In many places the trees are so numerous, that *‘we 
had to pick our way with the canoe, as through a forest. The 
water of the river was so clear, that the position of the trees could 
be distinctly seen, down to their spreading roots, and they are 
standing as in their natural state, before the country^ had become 
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submerged. Their undisturbed position proves that the subsidence 
must have taken place in a tranquil manner.’’ * 

122. Another most interesting and remarkable example of the 
alternate elevation and depression of the surface of the earth, 
manifested within historic times, is presented in th« case of the 
ground upon which the temple of Jupiter Serapis stands, at 
Pozzuoli, near K^aples. These ruins, standing on the northern 
shore of the liay of Baisc, at a short distance from the Solfa- 
tara, consist of the remains of a large building of quadran- 
gular form, 70 feet in diameter, the roof of which was originally 
supported by 46 columns, 24 of which were granite, and 22 
marble, each column consisting of a single stone. Many of 
these pillars are broken, and their fragments strewn about 
the pavement, but three of .them still remain standing (fig. 
52). Their base is near the level of the sea. The surface of 
the columns, the tallest of which is 42 feet in height, is smooth up 
to an elevation of 12 feet from the pedestal, where a band of 
perforations 9 feet wide commences, made by a species of mussel, 
called the Modiola lithophaga, which could only have lived in 
sea- water. Above this band, at the height of 21 feet from the 
pedestal, these cavities are discontinued, and the remainder of the 
j}illars are smooth, like the lower part. The cavities, many of 
which still contain shells, sand, and microscopic shields, are of 
elongated elliptical shapes, and so nnmerous and deep as to prove 
that the pillars must have been submerged in sea-water to a 
lieight more or less above the limit of these borings, for a long 
period of time. The lower part of the columns, which are not 
similarly affected, must have been protected, while they were 
submerged, from the depredations of these boring mussels by 
surrounding accumulations of rubbish and tufa, while the upper 
l^arts projected above the water, and were consequently beyond 
the reach of these animals. 

The platform of the temple is now about one foot below high- 
water mark, and the sea, which is only 40 yards distant, penetrates 
the intervening soil. The upper part of the band of perforation is 
at least 23 feet above the level of the sea. 

It appears from all this, that the ground on which the temple 
stands must have changed its level more than once, being alter- 
nately heaved upwards and downwards. It is clear that when 
the temple was built, the ground of its foundation must not only 
have been high and dry, but remote from the shores of the bay, 
and at some subsequent period must have sunk gradually, and so 


* Jotinial of an Exploring Tour beyond the Rocky Mountains, by the 
Rev, Samuel Parker, A.M. New York, 1838. 
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tranquilly as not to overturn the columns, to a depth above the 
band of perforation, and at a still more recent period must have 
again been raised to its present level, 

123. It results from the researches of Professor Forbes upon 
this subject,^ that historical evidence is extant illustrating the 
respective dates of these changes of level. From inscriptions 
recording the embellishment of the temple by Septimius Severus 
(a.d. 193 — 211), and Marcus Aurelius (a.d. 161 — 180;, it appears 
that the building was still entire, and occupied its present posi- 
tion at the close of the second and commencement of the third 
century; that in a. i). 1198, the eruption of the volcanic lake of 
Solfatara took place, attended with earthquakes, and a general 
subsidence of the coast ensued, w^hich caused the temple to sink 
to a depth which submerged its columns in w’ater to a height 
above the band of perforations. In this state it appears to have 
continued until the commencement of the sixteenth century ; for 
the flat district called La Starza, in which the building stands, is 
described by contemporary observers as being covered by the sea 
in 1530. Eight years later, frequent and violent earthquakes 
prevailed along all that part of the Neapolitan coast ; and on the^ 
29th of September in that j'ear, the volcanic eruptions burst forth 
which threw up the Monte Nuovo already described. During 
this catastrophe tlie coast on the north of the Bay of Baioe was 
permanently raised 20 feet, forming a tract 600 feet in breadth,, 
and including the area in which — 

“ Those lonely columns stand snhlinie, 

Flinging their shadows from on high, 

Like dials, which the wizard Time 

Had raised to count his ages by !” — Mooiie. 

These were accordingly left above the water, several of tho 
columns still retaining their original position. They seem to 
have been wholly neglected by antiquaries till 1750, when the 
shrubs and weeds with which they were overgrown and concealed 
were removed, and the earth accumulated in the court of the 
temple cleared away. For the last thirty or forty years a slow 
subsidence of the coast appears to have been going on, and the 
floor of the temple is often submerged.* 

124. We are not informed whether the Irish tradition, repro- 
duced by Moore so beautifully in the following lines, has been 
verified by any scientific observers ; but, if so, it would seem as 

* See a paper by Professor Forbes on the subject in Brewster’s “Journal 
of Science,” vol. i. second series ; and also a letter quoted by Dr. Mantell, 
and addressed to him by M. Ilulhnandel, “Wonders of Geology,” voLi. 
p. 458. 
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though Lough Neagh were the result of a post- Adamite sinkiug of 
the ground. 

“ On Lough Neagh’s banks as the fisherman strays, 

When the clear cold eve’s declining, 

He sees the round towers of other days 
In the wave beneath him shining ! 

Thus shall memory, often, in dreams sublime, 

Catch a glim]>se of the days that are over ; 

Thus, sighing, look through the v aves of time 
For the long faded glories they cover !” — Mooub. 

125. It appears, then, that the*crust of the earth, instead of 
being endowed with that character of stability and immobility 
popularly ascribed to it, is subject to incessant as well as occa- 
sional upheavings and depressions. It may indeed bo regarded as 
in a certain degree clastic, yielding to the undulations, whether 
slow and gradual, or sudden and more violent, of the agencies 
Tvdthin it. 

Such phenomena, however, will cease to astonish wlicn wo 
reflect what an enormous disproportion exists between the thick- 
ness of the solid crust of the globe, and the mass of matter in a state 
of igneous fusion which it encloses ; the crust being relatively 
thinner than a piece of card-board attached to the rind of an 
orange, it cannot be matter of surprise that it should be subject to 
more or less derangement of form, and even occasional disruption, 
by the action of the fluid matter witliin it. That such changes 
and such disruptions and their consequences should be much more 
considerable at earlier than at more recent epochs, is also a 
natural consequence of the growth of the crust of the globe by 
the process of cooling. The earlier the epoch the thinner that 
crust must have been, and the less its resistance to internal force. 
Eorces which would now fail to produce any sensible effect upon 
its form, would at those earlier epochs have been sufficient to 
disrupt it. That such effects have been actually produced at 
various geological epochs is proved by the most incontrovertible 
evidence presented by the crust of the globe itself, as will pre- 
sently be more fully explained. Volcanic phenomena are closely 
connected with those of earthquakes, and, like them, supply 
analogies by which various geological phenomena are explained. 

126. When the crust of the earth is disrupted in the manner 
explained above, openings are made in it which supply communi- 
cation between its internal fluid nucleus and its external surface, 
and through these openings matter of various forms is often ejected 
with vast force. The matter thus ejected consists sometimes of 
the^ disrupted and broken parts of the crust itself, which are 
projected upwards, vertically or obliquely as the case may be, 
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and often, scattered over the surrounding country to vast distances. 
Sometimes the matter thus thrown up is in a state of pasty fusion, 
and is incandescent, scoriaceous, and pumieeous. In this semi- 
fluid state it is projected sometimes to a distance, and sometimes 
it flows in streams along the slopes of declivities, or collects in a 
sheet or layer of more or less thickness round the crater from 
which it is ejected. 

127. These volcanic phenomena have been already, in part, 
explained in our Tract on Earthquakes and Volcanoes, but their 
connection with the condition and history of 'the crust of the 
earth is so close, and the aids they afford for the explanation of 
geological phenomena so important, that it will be necessary here 
further to enlarge upon them. 

In the month of May, 1808, the ground in the island 'of San 
Jorge, one of the Azores, in the midst of an open plain and culti- 
vated fields, was suddenly upheaved, after which it cracked at 
several places with a terrific noise. A vast cavity or crater was 
formed in the middle of it, having an area of nearly thirty acres, 
and surrounded within the distance of three miles by from twelve 
to fifteen smaller craters. An enormous quantity of scoriaceous 
and pumieeous matter was projected from it which covered the 
surrounding ground to the depth of five feet for an extent of 
twelve miles in length by three in breadth. Streams of molten 
matter issued from it, which continued to flow for more than three 
weeks from the principal crater to the sea. 

128. The Monte Nuovo, which was formed upon the Neapolitan 
coast in the Bay of Baia) in 1538, presents an example of like 
phenomena. A violent earthquake had prevailed for two years, 
which, on the 27th and 28th of September, 1538, suddenly 
increased so as to be attended with incessant movement of the' 
ground day and night. The plain extending between the Lake of 
Averno (the ancient Avernus), the Monte Barbaro and the sea 
was then suddenly upheaved, and various crevices were formed' 
in it ; the ground, rising still more, assumed the form of a moun- 
tain. During the succeeding night, the summit of this mountain 
opened with prodigious noise, and vomited great masses of flame, 
accompanied by pumice stones and ashes. The eruption con- 
tinued for seven days, the matter ejected filling up the Luerine 
Lake. Since this eruption the most perfect tranquillity has 
continued at this place. 
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129. The famous volcano of JoruUo in the Anahuac mountains 
in Mexico had its origin in similar phenomena. .The elevated 
plateau which forms the province of Quito, in South America, has 
been the theatre of extraordinary volcanic phenomena. Beneath 
it is a focus of volcanic energy, tiie channels of which communi- 
cate with the atmosphere by the craters of the great volcanoes of 
Pichincha, Cotopaxi, and Tunguragua, part of the chain of the 
Andes. These, by their groupings as well as by their lofty eleva- 
tion and grand outlines, present the most sublime and picturesque 
aspect which is anywhere concentrated within so small a space 
in a volcanic landscape. The extremities of the chain are con- 
nected by subterranean communications; and this fact, which 
experience has made known to us in numerous instances, reminds 
us of the old and just statement of Seneca, that the crater is only 
the issue of more deeply-seated volcanic forces. 

130. The Mexican volcanoes of Orizaba, Popocatapetl, Jorullo, 
and Colima also appear to be connected with each other, being 
placed in the direction of a line running transverse to the former, 
and passing east and west from sea to sea. 

131. As was first observed by Humboldt, these mountains are 
all situated between north latitude 18° 59' and 19° 12'. In an 



Fig. 53.— Volcano of Jorullo, Mexico. 


exact line of direction with the other volcanoes, and over the 
same transverse fissure, Jorullo was suddenly elevated on the 
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29tli of September, 1759. The oircumstances attending the 
production of this volcano are so remarkable, that we shall here 
notice them in some detail.* 

An extensive plain, called the Malpays, was covered by rich 
fields of cotton, sugar-cane, and indigo, irrigated by streams, and 
bounded by basaltic mountains, the nearest active volcano being 
at the distance of eighty miles. This district, situated at an 
elevation of about 2600 feet above the level of the sea, was 
celebrated for its beauty and extreme fertility. In June, 1759, 
alarming subterranean sounds were heard, and these were accom- 
panied by frequent earthquakes, which were succeeded by others 
for several weeks, to the great consternation of the neighbouring 
inhabitants. In September tranquillity appeared to be re- 
established, when, in the night of the 28th, the subterranean 
noise was again heard, and part of the plain of Malpays, from 
three to four miles in diameter, rose up like a mass of viscid fluid, 
in the shape of a bladder or dome, to a height of nearly 1700 feet ; 
flames issued forth, fragments of red-hot stones were thrown to 
prodigious heights, and, through a thick cloud of ashes, illumined 
by volcanic fire, the softened surface of the earth was seen to 
swell up like an agitated sea. A huge cone, above 500 feet high, 
with five smaller conical mounds, suddenly appeared, and thousands 
of lesser cones (called by the natives horyiitoSy or ovens,) issued 
forth from the upraised plain. These consisted of clay inter- 
mingled with decomposed basalt, each cone being a fumarolle^ or 
gaseous vent, from which issued thick vapour. The central cone 
of Jorullo is still burning, and on one side has thrown up an 
immense quantity of scoriaceous and basaltic lavas, containing 
fragments of primitive rocks. Two streams, of the temperature of 
186° of Fahrenheit, have since burst through the argillaceous vault 
of the homitos, and now flow into the neighbouring plains. For 
many years after the first eruption, the plains of Jorullo were 
uninhabitable from the intense heat that prevailed, i” 

132. It appears that the cone from which Vesuvius takes its 
present character has been the result of similar eficcts. 

In the description of the mountain given by Strabo, no mention 
whatever is mode of the cone which now forms its most remark- 
able feature. The slopes of the mountain, says Strabo, were 
regions of the greatest fertility ; its summit was truncated, 
entirely sterile, and had a burnt aspect, displaying cavities full 
of crevices and calcined stones, from which it must be conjectured 
that they had been formerly volcanic craters. It seems, there- 
fore, that the cone to which the name of Vesuvius now more 

* Cosmos, voL i. p. 229. Trans, 
i* Mantell, p. 837. 
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properly belongs, and of which all the products differ altogether 
from the rooks of the semicircle called the Somnia which existed 
in ancient times, was not formed until a much more recent period, 
and probably dates from the famous eruption of the year 76 A. n., 
which was signalised by the loss of Pliny. It was then, probably, 



Fjff. 54. — V^esuvius as uow furiuoJ. Fig. 55. — Vesuvius in the time of Strabo. 


that a permanent communication was opened between the crater 
and the internal parts of the earth. This catastrophe appears to 
have produced but little lava, although it was attended with 
violent effects on the surrounding country, throwing a great part 
of the mountain into the sea, and burying Herculaneum and 
Pompeii, not, as is vulgarly supposed, under molten matter 
ejected from the crater, but under avalanches of pumiceous 
substance, which existed previously upon the slopes of the 
mountain. 

133. Of all existing volcanoes, that of Kirauea, in Hawaii, 
one of the Sandwich Islands, better known under the popular 
name of Owhyhee, and noted as the theatre of the murder of 
Captain Cook, exhibits volcanic phenomena under their most 
sublime and imposing aspect. The island of Hawaii, which is 
about seventy miles long, and covers an area of 4000 square miles, 
is a complete mass of volcanic matter, perforated by innumerable 
craters. It is, in fact, a hollow cone, rising to an altitude of 
16000 feet, having numerous vents over a vast incandescent mass, 
which doubtless extends beneath the bed of the ocean, the island 
forming a pyramidal funnel from the fluid nucleus beneath to the 
atmosphere. The following graphic account of a visit to the 
crater, by Mr. Ellis, affords a striking picture of the splendid, 
but awful, spectacle which this volcano presents. 

After travelling over extensive plains and climbing rugged 
steeps, all bearing testimony of igneous origin, the crater of 
Kirauea suddenly burst upon our view. We found ourselves 
upon the edge of a steep precipice, with a vast plain before us 
fifteen or sixteen miles in circumference, and sunk from two to 
four hundred feet below its original level. The surface of this 
plain was uneven, and strewed over with large stones and volcanic 
rooks ; and in the centre of it was the great crater, at the distance 
of a mile and a half from the precipice on which we were standing. 
We proceeded to the northern end of the ridge, where, the sides 
beiqg lesis steep, a descent to the plain below seemed practicable ; 
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but it required the greatest caution, as the stones and fragments 
of rocks frequently gave way under our feet, and rolled down 
from above. The steep which we had descended was formed oi* 
volcanic matter, consisting apparently of light red and grey vesi- 
cular lava, lying in horizontal beds, varying in thickness from one 
to forty feet. In a few places the different masses were rent in 
perpendicular and oblique directions, from top to bottom, either by 
earthquakes, or by other violent convulsions of the ground. After 
walking some distance over the plain, which in several places 
sounded hollow beneath our feet, we came to the edge of the great 
crater. Before us yawned an immense gulf in the form of a 
crescent, about two miles in length from the north-east to south- 
west, one mile in width, and 800 feet deep. The bottom was covered 
with lava, and the south-west and northern parts were one vafrt; 
flood of burning matter. Fifty-one conical islands of varied form 
and size, containing as many craters, rose either round the edge 
or from the surface of the burning lake. Twenty-two constantly 
emitted either columns of grey smoke or pyramids of brilliant 
flame, and at the same time vomited from their ignited mouths 
streams of lava, which rolled in blazing torrents down their black 
indented sides into the boiling mass below. The existence of 
these conical craters led us to conclude that the boiling cauldron 
of lava did not form the focus of the volcano, but that this liquid 
mass was comparatively shallow, and the basin which contained 
it separated by a stratum of solid matter from the great volcanic 
abyss, which constantly poured out its melted contents through 
these numerous craters into this upper reservoir. We were 
further inclined to this opinion from the vast columns of vapour 
continually ascending from the chasms in the vicinity of the 
sulphur banks and pools of water, for they must have been pro- 
duced by other fire than that which caused the ebullition in the 
lava at the bottom of the great crater ; and also by noticing a 
number of small vents in vigorous action high up the sides of the 
great gulf, and apparently quite detached from it. The streams 
of lava which they emitted rolled down into the lake, and mingled 
with the melted mass, which, though thrown up by different 
apertures, had perhaps been originally fused in one vast furnace. 
The sides of the gulf before us, although composed of different 
beds of ancient lava, were perpendicular for about 400 feet, and 
rose from a wide horizontal ledge of solid black lava, of irregular 
width but extending completely round. Beneath this ledge the 
sides sloped gradually towards the burning lake, which was, as 
nearly as we could judge, three or four hundred feet lower. It 
was evident that the large crater had been recently filled with 
liquid lava up to this ledge, and had, by some subterranean 
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channel, emptied itself into the sea, or upon the low land on the 
shore; and in all probability this evacuation liad caused the 
inundation of the Kapapala coast, which took place, as we after- 
wards learned, about three weeks prior to our visit. The grey, and 
in some places apparently calcined sides of the great crater before 
us — the fissures which intersected the surface of the plain on 
which we were standing — the long banks of sulphur on the 
opposite sides of the abyss — the vigorous action of the numerous 
small craters on its borders — the dense columns of vapour and 
smoke that rose out of it, at the north and south ends of the 
plain, together with the ridge of steep rocks by which it was 
surrounded, rising 300 or 400 feet in perpendicular height — 
presented an immense volcanic panorama, the eftect of which was 
greatly augmented by the constant roaring of the vast furnaces 
below.’^ * 

134. This volcano was also visited in 1825 by Mr. Stewart, 
accompanied by Lord Byron and a party from the Blonde” 
frigate, who descended to the bottom of the crater. Mr. Stewart 
has left the following description of it : — ** The general aspect of 
the crater,” observes he, *‘may be compared to that which the 
Otsego Lake would present, if the ice with which it is covered in 
winter were suddenly broken up by a heavy storm, and as suddenly 
frozen again, while large slabs and blocks were still toppling, and 
dashing and heaping against each other, with the motion of the 
waves. At midnight the volcano suddenly began roaring, and 
labouring with redoubled activity, and the confusion of noises 
was prodigiously great. The sounds were not fixed or confined to 
one place, but rolled from one end of the crater to the other ; 
sometimes seeming to be immediately under us, when a sensible 
tremor of the ground on which we lay took place ; and then again 
rushing on to the farthest end with incalculable velocity. Almost 
at the same instant a dense column of heavy black smoke was 
seen rising from the crater directly in front, the subterranean 
struggle ceased, and immediately after flames burst from a large 
cone, near which we had been in the morning, and which then 
appeared to have been long inactive. Red-hot stones, cinders, 
and ashes, were also propelled to a great height with immense 
violence; and shortly after, the molten lava came boiling up, 
and flowed down the sides of the cone and over the surrounding 
scoriae, in most beautiful curved streams, glittering with a 
brilliancy quite indescribable. At the same time, a whole lake of 
fire opened in a more distant part. This could not have been less 
than two miles in circumference, and its aspect was more horribly 
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sublime than anything I ever imagined to exist, even in the ideal 
visions of unearthly things. Jts surface had all the agitation of 
the ocean ; billow after billow tossed its monstrous bosom into the 
air, and occasionally those from different directions burst with 
such violence, as in the concussion to dash the fiery spray forty or 
fifty feet high. It was at once the most splendid and fearful of 
spectacles.’’ 

135. The manner in which the liquefied matter is driven 
upwards through the superjacent crust of the earth, ♦and ejected 
from the crater is illustrated in fig. 56, where F F represents 


Fig. 56m 



the fiuid nucleus of the globe, and f c the i^assage along whi(jh 
the fluid matter has burst its way through the successive strata 
to the crater from which it issues. 

136. It sometimes happens that the passage, through which 
it is thus forced in the first instance becomes obstructed, so 
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that the escape of the lava through it is intercepted. In 
such cases the pressure of the fljiid matter acting against the 
walls of the cleft, or channel, breaks througli them at one or 
more points of least resistance, and new issues are formed on 
another side of the original crater. These lateral craters may 
also be produced, even though the central crater is still in activity 
(fig. 57). 

137. Yolcanic eruptions are not confined to the land, but are 
often produced in the bed of the ocean. Jn such oases islands 
often rise suddenly out of the bottom of the deep. Thus, in 
1831, the island of Julia arose in the Mediterranean, about 30 
miles to the south-west of Sicily. Bogoslaw appeared in like 
manner, in 1814, in the Aleutinian Archipelago ; Sabrina and 
another among the Azores, in 1811 ; besides various others around 
Iceland, in the Indian Archipelago, the Philippines, the Moluccas, 
and off the coast of Kamtschatka. One of the most remarkable 
examples of these was presented in the case of the island which 
rose above the waters, in 1796, at 30 miles from the northern 
point of Unalaska, one of the Aleutinian islands. A column of 
smoke was first seen to rise out of the sea. This was followed by 

the appearance of a black point at the 
surface of the water, from the summit 
of which blades of fiame and incandes- 
cent matter were launched with violence. 
These phenomena continued for several 
months, during which the island in- 
creased greatly in magnitude and height. 
Afterwards, smoke alone issued from 
it, which, after continuing four years, 
ceased. The island nevertheless, still 
continued to increase in magnitude and height, without manifest- 
ing volcanic phenomena. In 1806, it had so augmented that 
it formed a cone, which could be perceived from Unalaska, upon 
which were formed four other smaller cones in the north-west side. 

138. Some remarkable examples of submarine eruptions have 
been presented from the most remote times, in the Mediterranean 
and the Levant. According to ancient historians, the bay included 
between the islands of Santorin and Theresia (fig. 58), in the 
Grecian Archipelago, has been the special theatre of these 
phenomena. The island of Santorin is a half-moon-shaped tract 
of land, evidently of volcanic origin, and the islands of Theresia 
and Aspronisi, extending between the horns of the crescent, 
enclose the bay. Within this enclosure, the island of Hiera rose 
above the water in 186 b.c., and round it, and close to its coast 
several islets appeared in 19 a.d., 726 A.D., and 1427 a-d. In 
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1573 A.D., appeared the large island called Micra Eamini, and in 
1707, the still larger one, Nea Kamini. The latter underwent a 
gradual increase of magnitude during several succeeding years. 


Fig. 5S. 



No volcanic crater was formed upon these islands, which appear 
to cover the orifices in the subjacent crust through which the 
liquid matter which forced them up acted. 

139. These submarine volcanic phenomena are generally pre- 
ceded by incandescent matter thrown above the waters, by 
scoriaceous and pumiceous matter appearing on the surface, by 
burning rocks which appear in the midst of vaporous waves, and 
by the ebullition of the sea, the temperature of which then 
becomes very elevated. All these efiects were manifested in 
modem times in the appearance of the islands of Julia, Sabrina, 
and others, and the more ancient phenomena are similarly 
described in historic narratives. 

The circumstances attending them, however, are not always 
identical. Sometimes no solid rock is raised above the water. 
Thus, for example, at Kamtschatka, in 1737, jets of vapour only 
were thrown up. Great ebullitions of the sea took place, and 
pumiceous matter flowed on the surface. On the subsidence of 
the eruptions, it was found that chains of submarine mountains 
had been formed where previously there was a depth of 100 
fathoms. In other cases there are not even jets of vapour, and 
the phenomenon is manifested only by the increased temperature 
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of the waters, and by the sudden elevation of the matter which 
existed at the bottom of the sea. This took place in 1820 at the 
island of Banda in the Moluccas, where the bay, which previously 
had a depth of 50 fathoms, was elevated by the tranquil upheaving 
of compact basaltic matter which previously existed there, and 
which formed a promontory composed of large blocks piled one 
upon the other, without any accessory phenomena except the 
increased temperature of the waters. 

It has been ascertained also that violent submarine eruptions 
are often followed by slow and gradual upheaving! of the bottom 
of the sea. This effect was manifested in the case of the island 


near Unalaska, and also in those produced near Santorin. It may 
be added also, that the islands thus produced are not always 
permanent ; many of them disappear after intervals of more or 
less duration, being either swept away by the water or sinking 
into abysses formed under them. 

140. Volcanic craters, which result from the upheaving of the 
crust of the earth in places where no volcano previously existed, 
are distinguished by the name of cbatehs of elevation, from 
those craters which break out at different points in existing vol- 
canoes. In like manner, the conical mounds similarly formed are 
called cones of elevation. Craters of elevation are distinguishable 
even in places where no record or tradition of eruption exists, by 
the arrangement of the strata elevated, which is altogether dis- 
similar from what is found elsewhere. These strata are always 
inclined in all directions round the axis of the cone, as shown in 
fig. 59, presenting their edges abruptly towards the centre of the 
cavity. The Monte Nuovo, already mentioned, presents an example 
of this upon a small scale. The same formation is presented in 
the case of the semicircular Somma of Vesuvius. 

141, Another characteristic, not less important, and especially 
useful for geological purposes in 
Fig- cases where the matter elevated is 

not stratified, is supplied in all 
great craters of elevation by the 
crevasses which extend from the 


, . borders of the crater to the external 

case ot the mountain, and which are presented in so remarkable 
-a maMer m the Canaries, where they are caUed Barancos. These 
radiating crevasses are admirably shown upon the plan of the 
asland of Palma, one of the Canaries, drawn by M. de Buch, 

One of thMe Bmneos, much deeper than the others, extends 
foot of the mountain, at a place caUed Tazaoorte, to the 
of the crater, as shown in the plan, and which is rendered 
emlmore apparent in the perspective view shown in fig. 61. 
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tlie south, and which was terminated by crevasses from which 
boiling- water issued. 

142. Although the crater-formed cavities which are so frequently 
observed at various parts of the surface of the earth have been in 
many cases preceded by volcanic eruptions, they are not invariably 
to be ascribed to that cause, and indeed in many cases there is 
abundant evidence that no such eruption could have taken place 
at the moment of their formation. We have already explained 
how the upheaving of the crust of the earth, produced by an earth- 
quake shock, can produce not only radiating clefts, as in fig. 47 , 
but also an open cavity, as in fig. 51, the edges of which are sur- 
rounded by divergent clefts. 

143. Mount Etna, the most remarkable of European volcanoes, 
situated on the island of Sicily, and composed entirely of erupted 
mineral substances, rises to a height above the level of the Medi- 
terranean of nearly eleven thousand feet. The circumference of 
its base is more than a hundred and eighty miles, and on a clear 
day it may be distinctly seen from any elevated point of the island 
of Malta, a distance of a hundred and fifty miles. Compared with 
this volcano, Yesuvius is insignificant. While the streams of 
lava from the latter never exceed seven miles in length, those of 
Etna very often are from fifteen to thirty miles, being five miles 
in breadth, and from fifty to a hundred feet in thickness, Tho 
surface of Etna presents three distinct regions. Around the base 
for an extent of twelve miles, the country is richly cultivated, and 
abounds in vineyards and pastures, and is the site of many towns, 
monasteries, and villages. The middle or temperate zone above 
is covered with forests of oak and chestnut, and a luxuriant vege- 
tation reaches to within a mile of the summit. Above this all is 
sterility and desolation, and the highest point of the mountain is 
covered with eternal snow. The crater is about a quarter of a 
mile in height, and three-quarters of a mile in circumference, and 
is situated in the centre of a gently inclined plain, three miles in 
diameter. From the crater a column of vapour constantly issues, 
emanating from the mass of incandescent mineral matter which 
fills up the interior, and may be seen, in a state of ebullition, in 
the fumarolles in some of the lateral crevices, of which there are 
generally several accessible. 

144. Etna is recorded as having been in a state of activity 
before the Trojan war; and ever since, at varying intervals, 
violent eruptions have occurred. In an eruption of 1669, the 
torrent of lava inundated a space of fourteen miles in length, and 
four in breadth, burying beneath it five thousand villas and other 
habitations, with part of the city of Catania, and at length fall- 
ing into the sea. During severed months before the lava burst 
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out, the old mouth, or great crater, was observed to send forth 
more smoke and dame than usual, and the top fell in, so that the 
cone became much lowered. 

In 1809, twelve new craters opened, about half-way down the 
mountain, and threw out rivers of burning lava, by which several 
estates and farms were covered to the depth of thirty or forty feet; 
and in 1811, other vents appeared on the eastern side, and dis- 
charged torrents of liquid lava with amazing force. 

145. In 1832, a violent paroxysm took place, and continued 
with but little intermission for several weeks. On the 31st of 
October, in the middle of the night, there arose, without any pre- 
vious indication, a column of smoke and flame from the base of 
the large cone on the northern side ; and, shortly after, an immense 
quantity of fluid matter was discharged from the crater, on the 
western side, divided into numerous streams. Next morning, 
repeated earthquakes, the increased noise of the lava, which now 
flowed rapidly, and the immense volumes of thick black smoke at 
the foot of Monte Scavo, announced that the eruption had greatly 
increased in violence, and several streams of lava were seen 
descending. On the 2nd of November, contrary to all expecta- 
tion, the eruption ceased, and the lava was found to be so far 
cooled, that several adventurous observers were enabled to get 
upon it, and walk a few paces. On the 3rd, the hope that the 
fire was almost extinct was nearly certain ; but in the evening, a 
violent earthquake, followed by several others less violent, with an 
increased quantity of smoke, foreboded an eruption ; and two hours 
before midnight, another severe shock occurred, and was succeeded 
by black smoke mingled with flames, and incessant thunder. 

** Having approached,” says Signor di Luca, ** as nearly as was 
prudent, to the hollow from which the fire issued, we found four 
apertures, which threw out burning matter, liaising our eyes 
from these vents, we observed a cleft or rent, about a mile in 
length, from which volumes of smoke arose from time to time ; 
and, as at the bottom it reached the openings above-mentioned, 
it enabled us to behold the burning furnace in the interior of the 
mountain. Meanwhile the thunder was incessant, and the de- 
tonations were terrible ; the lava continued to flow, and enormous 
masses of red hot substances were thrown to a great height mingled 
with vast volumes of flame and smoke. The shocks of earthquake 
were likewise so violent, that horses and other animals fled in 
terror from the places where they were feeding.” 

146. But by far the most interesting feature of Etna is an 
immense depression or excavation on the eastern side of the moun- 
tain, called the Val del Bvve, This vast plain, or rather circular 
hollow, is five miles in diameter, and from two to three thousand 
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feet in the height of its bounding prebipioes, which in most places 
are nearly perpendicular. This remarkable area appears to have 
resulted from the giving way and subsidence of part of the crust 
of the volcano, from some violent action in the interior, which 
occasioned the sudden removal of an enormous mass of mineral 
matter. This plain is encircled by subordinate volcanic moun- 
tains, some of which are covered by forests, while others are bare 
and arid like many of the cones of Auvergne. The walls or cliffs 
surrounding this depression are formed of successive layers of lava 
of variable thickness, with interposed beds of tufa, ashes, and 
igneous conglomerates of different colours and degrees of fineness. 
They slope downwards towards the sea at an angle of from twenty 
to thirty degrees, and have evidently been formed at various 
intervals by successive eruptions from the top of the mountain, 
and were continuous before the subsidence took place which gives 
this region its present character. 

The perpendicular sides of this natural amphitheatre are every- 
where marked by vertical walls or dykes, which not only intersect 
the concentric sheets of lava and tufa, but, standing out in bold 
relief, like prodigious buttresses, impart a most extraordinary 
character to the scene ; the greater induration of these intruded 
dykes having enabled them to resist the denuding action which 
has removed the less coherent pre-existing erupted materials. 
These biittresses are from two to twenty feet in thickness, and 
being of immense height, are extremely picturesque ; some of them 
are composed of trachyte, and others of blue compact basalt with 
olivine. The surface of the plain is wild and desolate in the 
extreme, presenting the appearance of a tempestuous sea of liquid 
lava, suddenly congealed. Innumerable currents of lava are seen 
piled one upon the other, some of which terminate abruptly, while 
others have extended across the Val, and descended in cascades 
into the lower fertile regions, where they are spread out in sterile 
tracts amid the vineyards and orange groves.* 

147. A section of Mount Etna, extending north and south 
between Catania on the south, and Taorminia on the north, is 
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Fig. C2.— Mouut Etna. 



shown in fig. C2 ; the east, upon the slope of which the cavity in 
question is observable, being presented to the observer. 


See Captain Basil Halls graphic description of a visit to the Val del 
Bove, Patchwork,” vol. iii, p. yi. 

no 
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A ground-plan of the Vol del Bove and the surrounding 
parts of the mountain is shown in %. 63, 



148. The sudden sinking of the gi*ound by which these crater- 
formed cavities are produced, is often attended with the sudden 
production of lakes, filling such cavities with water from sub- 
terranean sources. Such lakes are sometimes supplied with water 
at a high temperature, as was the case in one produced in 1835 
in Cappadocia, near the ancient Caesarea, and in 1820 in the 
island of St. Michael, one of the Azores. 

149. Volcanic islands generally are found to aflect the semi- 
lunar form, of which Santorin, fig. 58, is an example. Thus the 
island of Sabrina, already mentioned, which appeared in 1811 
among the Azores, at the moment of its rise above the waters 
presented a crater which opened towards the south and was ter- 
minated by crevasses, or openings, from which issued a current of 
boiling water, figs. 64 and 65. 

The island of Julia, which appeared to the south-west of Sicily 
in 1831, assumed a similar form, and on the 6th of September, 
1835, Captain Thayer, the French navigator, found to the north 
of New Zealand a similar rock recently formed near the surface 
of the water, which included a lagoon, having a single issue, and 
within which the water was boiling. 

150. These craters of elevation have sometimes continued per- 
manently in the form which they first assumed, but they have 
also frequently been subject to subsequent changes of form from 
age to age. The case of Vesuvius, which underwent a remarkable 
change in 79 a, n., has been already mentioned. The Peak of 
Teneriffe rises within a circular enclosure, the sides of which are 
vertical, and rise to a height of from twelve hundred to two 
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thousand feet. The volcano of Taal, in the island of Lnoon, one 
of the Philippines, is placed in the centre of a basin filled with 



Fig. 64. Forms of volcanic islands. Fig. Go. 


water and surrounded by steep and elevated rocks, wliich leave a 
single issue from it as in the cases already described. 

151. A similar example of this form is presented in the case of 
Barren Island in the Bay of Bengal (fig. 66, p. 65), which consists 
of a circle of high mountains, into wliich the sea fiows through a 
single opening, and of which the centre is occupied by a volcano 
two thousand feet high, which was in full activity at the time 
of the discovery of the island. 

152, The islands of Santorin and Theresia, already described, 
form probably the borders of vast craters of elevation. Ancient 
historians cite them as having appeared long before the Christian 
era, after a succession of violent earthquake shocks, and in 
accordance with this tradition, they present strata inclined out- 
wards, as shown in fig. 67 ; the islands more recently elevated 



having issued from the middle of the crater. The strata observed 
in Santorin and Theresia, are inclined from the centre in accord- 
ance with the principle explained in (140). 
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153. It has been impossible to obtain direct observations of the 
interior of craters when in a state of active eruption, but when 
they have been approached immediately after the cessation of an 
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eruption, these cavities appear to have generally a conical form, 
the base of the cone being presented upwards, and the lower part 
filled with consolidated lava, by which the principal chimney of 
the crater is covered. Sulphurous vapour is observed to issue 
from its fissures and interstices, sometimes several open gulfs are 
seen, from some of which vapours are emitted, and at the bottom 
of others incandescent lava is seen. Others again are silent and 
dark, and inspire an indescribable sense of terror. 

154. The crater Stromboli, which has been in activity since the 
most ancient times, presents at present the same appearances as 
those which were described by Spallanzani, in 1788. It is 
constantly filled with lava in a state of fusion, which alternately 
rises and falls in the cavity. Having ascended to ten or twelve 
yards below the summit of the walls, this boiling fluid is covered 



Fig, 07. — Vesuvius in 1S29. 


with large bubbles, which burst with noise, letting enormous 
quantities of gas escape from them, and projecting on all sides 
scoriaceous matter. After these explosions, it again subsides, 
but only to rise again and produce like cflects — these alternations 
being repeated regularly at intervals of some minutes. In craters 
lU 



DYKES — SALSES. 


•where the lava is less fluid than in that of Stroraboli, new cones 
are sometimes formed in the midst of the crater, which first rise 
in the form of a dome, and then burst out so as to form a small 
active volcano in the middle of the crater of the great one. This 
phenomenon is often presented within the crater of Vesuvius 
(fig. 67) and was more particularly witnessed in 1829. 

155. Sometimes the lava, which is pressed upwards instead of 
being violently ejected, spreads itself in a sheet of greater or less 
thickness over the surface (fig. 68) where it hardens, and is subse- 
quently covered by other dejmsits. Cases have been found also 
where a succession of these strata, formed at diftercnt intervals, 
with interposed strata of other matter, have been observed (fig. 69). 
In such cases the matter forming the superior stratum is seen to 

Fig. OS. Fig. GO. 


have passed in a liquid state through the inferior strata pre- 
viously described. 

156. It often happens that the lava is solidified in clefts, which are 
nearly vertical, and thus forms 

walls, called dyhes, which fre- 
quently rise to the surface. 

In such cases the solidified 
lava, being much harder and /' 

less susceptible of degradation ^ 

from atmospheric and aqueous 
influences, remains standing 
when the matter surrounding 
it is swept away, and thus 
forms a wall rising above the general surface (fig. 70). 

157. The phenomena of Salses, or mud volcanoes, has been 
already briefly noticed in our Tract upon “ Earthquakes and 
Volcanoes,” Vol. IV. p. 169. The mud volcanoes are characterised 
also by the conical form, but their cones are much less elevated, 
their slopes being flatter (fig. 72). They have at their summit a 
crater-formed cavity frequently filled with liquid mud, on which 
large bubbles arc continually formed which, bursting, scatter 
around them earthy matter. There are sometimes, over a surface 
of little extent, a great number of these cones in full activity, 
some of which have a height of ten or twelve yards. Sometimes 
such an assemblage of cones is found at the summit of a mound 
from fifty to two hundred yards in height, formed of argillaceous 
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matter, which appears to have been the result of former ejections. 
The middle is often formed of a lake of mud, the surface of 
which is more or less consolidated. In certain countries these 
mounds are found permanently dried, all disengagement of gas, 
water, and earth having altogether ceased, but it sometimes 
happens that the same phenomena after long cessation are 
renewed with violence. 

158. Fumarolles and Geysers are the names given to eruptions 
of steam or boiling water issuing from crevices in volcanic dis- 
tricts, remarkable examples of which are presented in the country 
surrounding the celebrated volcano of Hecla, in Iceland. Erup- 
tions of hot steam arc projected from the crevices of the soil 
in the form of white columns, rising to heights of from 30 to 
60 feet, and often with noise similar to that with which high 
pressure steam issues from the safety-valve of a boiler. Such 
phenomena are manifested on a considerable scale in Tuscany, in 
the neighbourhood of Monte Ocrboli, Castcl Nuovo, and Monte 
llotondo, and are generally disposed in a single line of from 20 to 
25 miles in length. 

These jets of vapour in all cases include chemical agents, which 
attack the rocks with which they come in contact; thus the 
vapour ejected from Vesuvius includes hydrochloric acid, that of 
the Solfatara, of Pozzuoli, includes suli)hurous acid, and that of 
Tuscany, boric acid. 

159. The Geysers are volcanic eruptions of boiling water, some 
continued, others intermitting, which prevail in immense numbers 
in Iceland. One of these hot springs is mentioned which, from 
half-hour to half-hour, projects a column of boiling water 18 feet 
in diameter to a height of 150 feet (fig. 71). 

The water thus ejected contains a certain proportion of silica, 
which is deposited in a state of hydrate upon all the surround- 
ing bodies, and forms sometimes mounds of considerable extent, 
at the summit of which is an opening, from which the liquid 
issues. 

Besides silica, the water of the geysers also contains, in a small 
proportion, the carbonates or sulphates of soda, ammonia, potash, 
and magnesia, besides a minute proportion of carbonic acid. 

160. Calcareous as well as volcanic countries present vast 
depressions of the ground analogous to craters, but instead of 
being nearly circular like those of volcanoes, they arc most fre- 
quently oblong and very irregular. Such cavities are frequent in 
the mountains of the Jura. These are generally oblong hollows, 
like clefts, which sometimes extend to a great distance, forming 
oblong mounds parallel to each other, with salient summits. 
These depressions or cavities (fig, 73) have received the name of 
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vaUeys of elevatioriy though they differ iffnothing except their form 
from craters of elevation. 


Fiff. 73. 



IGl. Elevations of the superficial crust often talce place in a 
series of parallel lines forming so many parallel ridges with inter- 
mediate hollows, as if an upheaving force had been exerted by 
the subjacent strata in a series of parallel directions vertically 
under the ridges thus produced. The Jura mountains present 
great numbers of examples of this (fig, 74), 



Fig. 74. — Section ol ridges in the Jum Mountains. 


162. The changes in the condition of the earth’s surface 
attending the undulations and disruptions of its crust, which 
have been noticed above, excite attention because of the sudden 
eatastrophes which often attend them, and the wide devastation 
which they sometimes spread. There are, however, other agencies 
exterior to the surface, of which the accumulated effects, produced 
in long intervals of time, are not less important. The principal of 
these are air, water, and heat, acting separately or together, upon 
the’solid matter of the external surface of the terrestrial crust. 
These operate mechanically by fracture and abrasion, physically by 
dissolution and disintegration, and chemically by decomposition, 
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The waters of the ocean evaporated by heat rise into the 
superior parts of the atmosphere, and are carried by atmospheric 
currents in their course towards the most elevated parts of the 
land, where they are condensed, and upon which they are pre- 
cipitated in the liquid state ; thence they descend along the 
declivities, forming rivers and lakes, and sometimes penetrating 
the crust so as to form springs, until at length, sweeping over the 
land, they return to the deep, carrying with them, however, a^ 
large quantity of detritus of the solid crust, over which they have 
passed, and which they deposit in the bottom of the sea to form 
new systems of strata. 

Independently of water, air itself by its mechanical action upon 
solid matter detaches, fractures and abrades more or less of it. 
The water suspended in the form of vapour in the atmosphere 
penetrates the pores and interstices of rocks to a greater or lesser 
extent, according to their density and structure. In times of 
drought it is again expelled by evaporation, and being thus alter- 
nately and incessantly absorbed and dismissed, it at length dis- 
integrates the superlicial strata of the rocks, to whatever depth it 
may penetrate. 

Such elFects are observable in all cases where extensive sections 
of the solid crust are made, whether by natural or artificial 
causes. They are thus seen upon the face of the cliffs which 
overhang the sea, in the escarpments of ravines which pass 
through mountain-chains, and in the sides of the vast cuttings 
artificially produced in quarrying, and still more in the con- 
struction of roads, railways, and canals. These effects are, of 
course, the more prompt and sensible, as the matter composing the 
rocks is more susceptible of imbibing humidity and of being 
deprived of it by evaporation. All mountains exhibit traces of 
such effects in some forms, determined by the various degrees in 
which their strata are susceptible of them. Thus, while some, like 
volcanic cones, assume uniform slopes in a conical form, fig. 75 a; 
others, those composed of gneiss, for example, assume the forms of 
pointed and dentated peaks, fig. 75 n. Numerous examples' of 


Fig. 75. 



ABC D 


these are seen in the chains of the Alps, where they take tho 
names of needier, teeth ^ and /iorns, (aiguilles, dents, and comes,), 
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according to their varying forms. Calcareous cliffs assume 
cylindri^ forms, fig. 75 c, which seem at a distance to resemble 
fortifications. The faces of these cliffs are often worn into a 
succession of terraces or steps, as in fig, 75 n. 

163. The effects of long-continued atmospheric action upon the 
forms of solid rooks, are seen in many places on the surface of 
continents, which the sea has not approached within historic times. 
Certain granites are thus disintegrated so profoundly, as to reduce 
the under-surface of the strata to a mass of gravel, forming holes 
into which the pluvial water from ravines flows in all directions. 
These rocks are also sometimes met with worn into rounded forms, 
and piled one upon another, so as to be supported only at a 
single point, forming what are popularly called rocking-stoties, 
fig. 76 n. Cases of this kind are especially presented in the case 
of certain porphyritic granites. In mountains where granite is 
decomposed with facility, it has been remarked that masses of 
these rocks, more or less divided, present a sort of horizontal 
layers, separated by vertical fissures, so as to reduce the whole to 
a pile of irregular parallelepipeds, fig. 76, c. The angles and 
edges being often worn away, the mass is reduced to a form 
resembling a pile of cheeses, fig. 76 a. 



164. Solid rocks are often traversed by vertical crevices filled 
with matter more easily penetrable by water. In such cases, the 
pluvial waters entering these crevices dissolve and ultimately 
sweep away the matter which fills them, leaving the parts thus 
separated without support. These ultimately fall to the foot of 
the cliff (fig. 77), 

165, When waters bathe the foot of steep cliffs, they have a 
tendency to dissolve and decompose their lower strata, leaving 
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the superior ones undisturbed and, consequently, overhanging. 
When this action is continued to a certain point, the cliffs thus 
overhanging fall by their weight (fig. 78). 

It sometimes happens that the accumulation of the debris of 
such cliffs which takes place below 
them, operates as a barrier to the 
waves, and so, for a time, protects 
them from further degradation (fig. 79). 
In some cases the natural form of the 
rocks exposed to the action of the 
waves enables them to resist these 
effects, and such forms are accord- 
ingly often imitated in the construction 
of harbours and breakwaters (fig. 80). 

166. Cascades have often the same effect in the degradation 
of the cliffs over which they fall, as have the action of waves 
directed against their base. When such cliffs are formed of 


Fig. 78. 



alternate calcareous and argillaceous matter, the former, being 
more susceptible of disintegration than the latter, absorbs and is 



Fig. 70. Fig. SO. 



worn away by the water either in its fall, or by its recoil from the 
foot of the cascade ; the cliff, therefore, over which the torrent falls 
soon overhangs (fig. 81) and at length is broken off by its weight. 
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167, It is to the operation of such causes, as well as to 
the action of icebergs float- 
ing from the Pole, that various 
forms of rocks found in the 
ocean, but more especially in 
the neighbourhood of conti- 
nents, must be ascribed. The 
action of the sea disintegrates 
the softer parts, leaving the 
harder standing, and thus 
forms the most capricious arc 
produced. Wide clefts and 
openings are made between 

solid rocks through which the sea passes, and in some cases the 
rocks are broken into rude and irregular columns and needles 
(figs. 82 and 83.) 



y\(r. 82. Fi-. S3. 



Other similar examples are presented in the caseof thechalk-clifls 
near the French village of Etretat on the Channel coast (fig. 84) 
and also in the porphyritic and granitic columnar rocks of the 
Shetland Isles (fig. 85). 

168. Thus, in fine, it appears that there are, and constantly 
have been, within historic times, natural agencies in operation 
upon the surface of the globe, sufficient to explain all those 
phenomena observed by modem geologists, which, when first 
brought under notice, excited sentiments of such unmixed wonder. 
Alternate elevations and depressions of the earth’s crust, either 
sudden or gradual, are recorded in all times ; and it is easy to 
imagine that, in proportion as the shell of solid matter which 
incloses the igneous central fluid was less and less thick, and 
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consequently less and less resisting, so at more and more remote 
periods, these undulations, and their consequent disruptions and 
explosions, must have been much more frequent, and attended by 
catastrophes infinitely more violent. The volcanic eruptions 
which have taken place within historic times, may be regarded as- 
miniature reproductions of the phenomena of which the globe was 
the theatre at much more remote geological dates. The wear, 
abrasion, decomposition, and transport of the solid materials of 
the earth’s crust by the action of atmosphere and the waters of 
the ocean, when continued through periods compared with which 
that limited by the existence of the human race is but a unit^ 
can easily be imagined to have produced all the effects which 
are visible on the earth’s surface, and to greater or less depths 
within its crust. The deposits formed by the detritus of the land 
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carried by the currents of rivers to their embouchures, exhibit on 
a small scale the stratification produced by pre- Adamite seas. In 
a word, all the geological phenomena discoverable by the sections, 
natural or artificial, of the earth’s crust, admit of clear and satis- 
factory explanation, by merely imputing to the physical agents 
now in operation an energy proportional to the diminished thick- 
ness of the earth’s crust, and effects due to a continuance of action 
for periods of time, compared with which the common chrono- 
logical units must be regarded as insignificantly minute. 

Having thus briefly indicated the natural causes to which geo- 
logical phenomena must be ascribed, we shall resume the subject 
which we had dropped, and continue our notice of some of these 
results, which illustrate the past condition of the earth. 

169. There exists in England, in the Isle of Portland, as well 
as elsewhere, and on various parts of the continent, a stratum 
called by miners and quarrymen the dtrUbed,^^ This consists of 
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a layer about one foot in thickness, composed of dark brown friable- 
loam, containing a large proportion of earthy lignite, and, like the- 
recent soil of the island, many water- worn stones and pebbles. 
It seems to have been a bed of vegetable mould, which at a remote 
geological epoch supported an abundant and luxuriant vegetation, 
for we find in it and upon it innumerable trunks and branches of 
cone-bearing trees and cycadeous * plants. Above this bed arc 
found layers of finely-laminated cream-coloured limestones, the 
total thickness of which is about ten feet, and upon which is 
deposited the modern vegetable soil ; but this latter at present, 
instead of supporting cycadeous plants and pine forests, barely 
maintains a scanty vegetation. 

The most remarkable circumstance attending this dirt-bed, as it 
is called, is the position of the trees and plants found on it. They 
are still erect, as though they had been suddenly petrified while 
growing in their native forests, with their roots in the vegetable- 
soil and their trunks extending into the limestone above it. 

Immediately below it is a thick stratum of fresh- water lime- 
stone, of little value for building ; and below this again is the 
stratum of the celebrated Portland stone so extensively used for 
that purpose. The consequence is that the dirt-bed and its 
interesting materials, little regarded by quarrymen, are cast 
away and scattered about as mere rubbish, in order to get at 
the layer of building-stone which lies below them. On one of my 
visits to the island (in the summer of 1832),” says Dr. Mantell, 
“ the surface of a large area of the dirt- bed was cleared, prepa- 
ratory to its removal, and the appearance presented was most 
striking. The floor of the quarry was literally strewn with fossil 
wood, and before me was a petrified forest, the trees and plants, 
like the inhabitants of the city in Arabian story, being converted 
into stone, yet remaining in the places which they occupied when 
alive ! Some of the trunks were surrounded by a conical mound 
of calcareous earth, which had evidently, Avbcn in a state of mud, 
accumulated roimd the stems and roots. The upright trunks were 
generally a few feet apart, and but three or four feet high ; their 
summits were broken and splintered, as if they had been snapped 
or wrenched oft’ by a hurricane, at a short distance from the ground. 
Some were two feet in diameter, and the united fragments of one 
of the prostrate trunks indicated a total length of from thirty to 
forty feet ; in many specimens portions of the branches remained 
attached to the stems. In the dirt-bed, there were numerous 
trunks lying prostrate, and fragments of branches. 

“ The external surface of all the trees I examined was weather- 


Such as palms and ferns. 
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worn, and resembled that of posts and timbers of groins or piers 
within reach of the tides, and subjected to the alternate influence 
of the water and atmosphere ; there are but seldom any vestiges 
of the bark. 

‘‘ The fossil plants related to the recent Cycas and Zamia,* * * § occur 
in the intervals between the pine-trees ; and the dirt-bed is so little 
oonsolidated, that I dug up with a spade, as from a parterre, 
several specimens that were standing on the very spot where they 
originally grew, having, like the columns of the temple of Poz- 
zuoli, preserved their original erect position amidst all the revo- 
lutions which have subsequently swept over the surface of the 
earth, and buried them beneath the accumulated detritus of 
innumerable ages. These fossil plants, though related to the 
recent Cycadea), belong to a distinct genus. f There are two 
species — one is short, and of a spheroidal form (M. nidiformis) ; 
the other is longer, and subcylindrical (M. cylindrica). J 

The trees and plants are completely silicilied, and their internal 
structure is beautifullj^ preserved in many examples ; the wood, 
microscopically examined, displays the organisation of the Arau- 
earia. A cone has been found in the dirt-bed, which Dr. Brown 
eonsiders to be nearly related to the fruit of the Norfolk Island 
pine (Araucaria excelsa). The Portland and Isle of Wight fossil 
trees appear to belong to the same species of Coniferoe.” § 



Fig. 8C. — Section of the Portland dirt-bed. 


170. The presence of plants analogous to the modem Cycas 
and Zamia shows that the climate of England, at the time when 
the vegetation of this stratum flourished, must have been 

* These plants arc so common in conservatories that their general 
appearance must be familiar to the reader. In the Botanic Dardens at 
Kew there are magnificent specimens of (^ycas and Zamia, and of other 
plants of hot climates, of wliich related forms occur in the Wealdeu. 

+ Named by M. A<iolj)hc Brongniart, MantelUa. 

^ Specimens of the former species are called ** crows' ‘nests" by the 
quarrymen, who believe tliem to be birds’ nests originally built by crows 
in the pine-trefes, and which have since become i)etrified. 

§ Mantell, p. 387. 
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analogous to that of the tropics, a fact which is in conformity 
with what has already been explained. 

171. The coal deposits are everywhere attended with similar 
results. Entire trees are found, some of which are standing 
upright with their roots penetrating the stratum below them, 
exactly as they penetrated the soil on which they grew. Several 
examples of these have been presented in England, one of the 
most remarkable of which occurrc^d in the construction of the 
railway between Manchester and Bolton. Near Dixonfold five 
large stems of Sigillarirc were found erect with their roots striking 
into layers of clay below. They stood upon the same level one 
beside the other, the trunks being surrounded and filled by soft 
blue shale, and the carbonised bark being all that remained of the 
original structure. All these trunks seemed to have been broken 
violently oft‘ at a point four or five feet above the roots, no 
traces of the upper parts of the trees being discovered. 

172. On the coast of Northumberland, within a space of half a 



Fig. 87. —Section of the Treiiille Mine at St. Etienne. 

mile in length, twenty upright trees were discovered by Mr. 
Trevelyan, and similar ones were found in the same coal-field at 
some distance, as if they had been the continuation of a sub- 
merged forest like that of the Isle of Portland. 

In the Newcastle coal-field a stratum of sandstone occurs 
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nearly five hundred feet below the surface, on which numerous 
trees have been found standing erect from two to eight feet 
in circumference, with their roots struck into thin layers of 
coal. 

173. In a colliery near Wolverhampton,” says Hugh Miller, 
** the bottom coal rises to view, and where the surface has been 
cleared of tjie alluvial covering, it presents the appearance of a 
moor on which a full-grown fir-wood had been cut down a 
months before, and only left the stumps behind. Stump ris'es 
beside stump, to the number of seventy-three in all : the thickly 
clinging roots strike out on every side into what seems once to 
have been vegetable mould, but now exists as an indurated 
brownish-coloured shale. Many trunks, sorely flattened, lie 
recumbent on the coal ; several are full thirty feet in length, 
while some of the larger stumps measure rather more than two 
feet in diameter. There lie, thick around, Stigmaria^, Lepido- 
•dendra, Calamitcs, and fragments of Ulodendra; and yet with 
all the assistance which these lent, the seam of coal formed by 
this ancient forest does not exceed five inches in thickness. I^ot 
a few of the stumps in this area are evidently water- worn. The 
prostrate forest had been submerged, and molluscs lived, and 
fishes swam over it. This upper forest is underlaid by a second, 
and even a third : we find three full-grown forests closely packed 
up in a depth of not more than twelve feet.” * 

174. M. Alexandre Rrongniart -j- describes a coal-pit at Treuille 
near St. Etienne, in the neighbourhood of Lyons, which contains 
enormous stems of Chlamites and other trees in erect positions 
(fig. 87). These and similar eflects are considered as proofs that 
the coal was produc(;d by the submergence of a forest which grew 
upon the spot. This particular mine is very favourable for observa- 
tions being in the open air, and i>resenting a natural succession of 
the strata of clay, slate, and coal, with four layers of compact 
iron-ore in flattened nodules, accompanied and even penetrated 
by vegetable remains. 

The upper ten feet of the quarry consist of micaceous sand- 
stone, which is in some instances stratilied, and in others has a 
slaty structure. In this bed are enormous vertical stems 
traversing all the strata, and appearing like a forest of jdants 
resembling the bamboo or large Equiseta petrified on the spot on 
which they grew. The stems are of two kinds, one long and thin, 
from one to four inches in diameter, and nine or ten feet high, 

* First Impressions of England and its People, by Hugh Miller, p. 223. 

+ Notice sur les V(‘getaiix fossils traversants les Couches du Terrain 
houilleux, par M. A. Brongiiiart, Paris, 1821. 
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FOSSIL SHELLS. 

‘Consisting of jointed and striated cylinders with a thin coaly 
hark. The other and less common species consist of hollow 
cylindrical stems spreading out from the base like a root. 
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Limuea longiscata. 


riauorbis evonphalus. 


Paludina lenta. 


175. The character of the waters, according as they may have 
been fliiviatile and lacustrine or marine, from which the several 
strata forming the crust of the earth were deposited, is betrayed 
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In cases where the organic remains are of a mixed character, 
containing shells and other fossils, some analogous to existing 
marine and other species, it may be inferred that such deposits 
were made at the embouchures of rivers. 

By such inductions it has been ascertained that extensive tracts 
of the surface of the globe, which are now dry land and raised to 
elevations considerably above the level of the sea, must, at various 
former epochs, have been submerged in the waters of the ocean. 
A great part of France, including the country around Paris, 
Normandy, Artois, Picardy, Franche-Comte, Burgundy, the 
Cevennes, Daupliiny, and Provence, present examples of this. 
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Fig^. 108. — Fo.ssil footprints in the strata oi the new red sandstone. 
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176. Besides the larger class of fossil shells, there are numerous 
infinitely more minute ones, which have largely contributed to 
the formation of the actual crust of the globe, the principal of 
which are the Foraminifcra and Infusoria. 

The Foraminifcra are marine animals of low organisation, 
and generally of such extreme minuteness, that an ounce of 
sea-sand will contain three or four millions of tliem. The body 
consists of uniform granules enclosed in a skin or membrane 


Fig. 07. Fig 98. Fig. 00. 



Nautilus trull- 
catus. 


having one or more cavities or digestive sacs. These animals 
are regarded as and are protected by shells. Some of 

these shells, such as the Orbiculina, contain a single cell. 
Others, such as the Nodosaria, consist of several cells disposed 
in conical or cylindrical directions. Other families have shells, 
like that of the Nautilus, consisting of a succession of cells in 
spiral forms. 

The Foraminifera derive their name from the structure of the 
shell, which consists of one or more series of chambers separated 
from one another by septa or partitions, in each of which there is 
a small perforation called a foramen. 

Some specimens of these shells, on a highly magnified scale, are 
given in figs. 100 to 106. 

These microscopic shells, of which from seven to eight hundred 
fossil species have been discovered, are accumulated in enormous 
numbers in the strata of the earth, and, in many cases, exclu- 
sively form very considerable calcareous deposits, of which the 
chalk and the cretaceous and tertiary strata present numerous 
examples in all parts of the world. 

177. The Infusoria, the existing species of which are found in 
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fresh and salt water, are smaller still than the Foraminifera, 
being only visible by the aid of microscopes of great magnifying 
power. There are innumerable species of them, which are fur- 
nished with siliceous shells, and which, consequently, are accu- 
mulated at the bottom of the waters with the contemporaneous 
microscopic plants. Now, although these beings are so minute 
that forty thousand millions of them would not fill a space of 


Fig. 100. Fig. 101. 
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Fig. 100.— a. Xodosaria liiubata. 

h. Intcnial arrangement of 
the cell.'?. 

,, 101. — a. Margiuuliiia trilohata. 

b. The last cell seen from 

above. 

c. The internal arrangement 

of the cells. 


Fig. 102. Fig. 103. 
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Fig. 102.— a. Flabellaria rngo.sa. 

b. Side view, to show the flat- 
ness. 

,, 103.— Tuxtularia tnrris. 

b. Internal arrangement of 
the alternate cells. 


more than a cubic inch, M. Ehrenberg has demonstrated tliat 
their accumnlation in certain parts of the earth’s crust has pro- 


Fig. 104. Fig. 105. Fig. 106. 
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Fig. 104. — Rotulina Voltzii. Fig, 10.5, — b. Edge view, to show the flatness. 

,, 105.— a. Cristellaria rotula. „ 100.— Orbiculiua immismalis. 


duced strata several yards in thickness, and of vast extent ; and 
that in many other cases strata not less extensive are formed by 
their combination with other conchiferous animalcules. They 
constitute almost exclusively the polishing slate of Bilin, in 
Bohemia, which occupies a surface of great extent, probably the 
site of an ancient lake, and forms a stratum fourteen feet 
in thickness, composed of the mineralised shields of these 
animalcules. “ The diameter of a single one of these creatures,” 
says M. Ehrenberg, “amounts upon an average, and in the 
greatest part, to the 350()th of an inch, which equals J of the 
thickness of a human hair, reckoning its average size at the 
oTOth of an inch. The globule of the human blood, considered at 
the 3600th of an inch, is not much smaller. The blood globules 
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of a frog are twice as large as one of these animalcules. As the 
Polirschiefer of Bilin is slaty, but without cavities, these animal- 
cules lie closely compressed. In round numbers, about twenty- 
four millions would make up a cubic line, and would, in fact, 
be contained in it. There are 1728 cubic lines in a cubic inch ; 
and therefore a cubic inch would contain, on an average, about 
forty-one thousand millions of these animals. On weighing a 
cubic inch of this mass, I found it to be about 220 grains. Of 
the forty- one thousand millions of animals, a hundred and 
eighty-seven millions go to a grain ; or the siliceous shield of 
each animalcule weighs about millionth part of a grain. 

The remains of these Infusoria are often found in abundance in 
flints, opals, and more especially in the earthy matter which 
envelopes the translucent parts. They exist in large quantities, 
also in most marls, especially in those of lacustrine depositions 
in calcareous slates of the same formation, and in all chalk strata. 
They form the chief part of the deposits which fill the gulfs and 
arms of the ocean, and are found in all the earthy deposits raised 
from the bottom of the waters in ancient and modern times. 
They exist in strata sixty feet thick in the low plains of Western 
Germany, at a depth greater or less under the sands of those 
countries. It is a remarkable fact, that one of the strata on 
which the city of Berlin is placed, is formed of the shells of 
Infusoria which still live and are propagated and sustained, 
doubtless, by the waters of the Spree, on which that city is built. 

M. Elirenbcrg has described numerous fossil genera and species 
of Infusoria found in all parts of the world, and in diflerent 
strata, a few of which arc represented on a high magnified scale 
in fig. 107. 

178. At whatever heights upon the land fresh- water shells and 
the remains of land animals may be found in the sedimentary 
strata, no surprise ean be excited, since it is perfectly conceivable 
that at various epochs any portions of the land, whatever be its 
level, may have been submerged by lakes or overflown by rivers. 
But we find, also, at all levels, no matter how high, even at 
the summits of lofty ranges of mountains, marine deposits in 
strata of immense extent and vast thickness. 

179. In many places an analysis of the strata shows the most 
curious alternations between fresh-water and marine deposits, 
which can only be explained by the supposition that the crust of 
the globe at these places has undergone a succession of elevations 
and depressions, and that after being submerged for an indefinite 
period, and receiving marine deposits, it was then upheaved so as 
to become dry land ; and that during another indefinite period it 
was peopled by land and fresh-water animals, and covered with a 
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certain vegetation : that then it was again submerged, either by 
fresh water or by the sea, receiving during an indefinite period 
another stratum, either with fiuvial and lacustrine remains or 
with marine deposits, as the case might be ; that subsequently it 
was again upheaved, and again became the theatre of animal and 
vegetable life upon dry land, and so on. 

180. The Portland dirt-beds, already described, prove the 
existence there, at remote epochs of the globe, of vegetable soil on 
a land nearly if not altogether dry, beneath which lay a stratum 
of marine deposits. It follows, therefore, that before this epoch, 
and before the deposition of the dirt-bed itself with the remains 
contained on it, that part of the land must have been submerged 
by the ocean, and that being upheaved, it afterwards became the 
theatre of animal and vegetable life, such as we find deposited in 



Fig. 107. — Fossil infusoria. 


a. Desmidium apiculosnm. 

b. Euastrinn vcrrucosiim. 

c. Xanthidiuni ramosum. 

d. reridinium pyrophoruin. 
( . Gomphouema lauceolata. 
/. Hemanthidium arcus. 

g. Pinnularia dactylus. 


h. Navicula viridis. 

V. Actinocyclus senarius. 

j. Pixidula prisca. 

k. Gallionella distans, 

l. Sjrucdra ulna. 

m. Bacillaria vulgaris. 

n. Spicula si)ongiaria. 


the dirt-beds. Over the dirt-beds are thick lacustrine deposits of 
limestone, which lie under the green sandstone, which latter is 
itself overlaid by the chalk, this latter being evidently a marine 
formation. Let us see, then, what a curious succession of phe- 
nomena is here indicated. The lower marine strata of limestone 
was first upheaved, and, becoming dry land, was the theatre 
of rich terrestrial vegetation. It was then submerged by fresh 
water, and was the place of a lake or deep estuary, in which 
were formed the strata of limestone, sand, and clay, filled with 
fluviatile shells, forming a stratum, which from actual observation 
appears to have a thickness of from seven hundred to a thousand 
feet. Later still, this was covered by the sea, and marine deposits 
of green sandstone and chalk were formed upon it, which, at 
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certain places, had a still greater thickness. In fine, at a later 
period still, another great elevation of the crust took place, which 
raised the surface to its present elevation above the waters. 

181. Independently of the evidence supplied by organic remains 
proving that certain strata were at former epochs above the waters 
and inhabited by land animals, and were subsequently submerged, 
indications of another order have been supplied by the traces left 
by animals in the soft surface of the strata, which were afterwards 
hardened without these traces being effaced. Such traces, there- 
fore, may be regarded as moulds thus accidentally preserved, from 
which castings might be obtained of those parts of the animals, 
then living upon the globe, which produced them. Many moulds 
of shells have been thus found, but the most remarkable indica- 
tions of this kind consist of the footsteps of cert^n animals which 
appear to have been impressed upon the soft surface of the ground, 
just as the footsteps of any animals might be at present impressed 
upon the soft sand upon the sea-shore after the retirement of the 
tide. 

182. In 1834 an account was published of remarkable fossil 
footprints in the new red sandstone at Hesseburg, near Hildburg- 
hausL-n, in Saxony. The largest of these tracks appears to have 
been made by an animal whose hind-foot was eight inches long, 
and which, If om its resemblance to the human hand, received 
from Professor Kaup the name of Cliirotherium. Some of the 
tracks, however, appeared to be those of tortoises ; and Link sug- 
gests that others are those of some colossal species of frog or sala- 
mander, fig. 109. 









Fig. 309. — Labyrinthodou pachignatiis (Owen). 

The traces represented in fig. 108 are those found in a sand- 
stone slab at Hesseburg. Various similar tracks have been found 
in the sandstone quarries at Storeton Hill, near Liverpool. The 
largest footprint was nine inches long and six inches broad, the 
length of the step being nearly two feet. Similar tracks were 
found by Professor Hitchcock in the quarries of Connecticut ; and 
Mr. Scrope found similar marks on a surface bearing ripple-marks 
in the vast marble-quarries near Bath, 
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These last are supposed to have been made by some crustaceous 
animal crawling along the bottom of an estuary ; for between the 
rows of footprints are in some cases observed the impressions of 
the belly, and in others the trail of the tail. 

183. Footprints of birds have been discovered in several quar- 
ries in the valley of the Connecticut river, and also in different 
parts of the state of Massachusetts. Several specimens of these 
are now in the British Museum. The most remarkable of these 
is a slab, eight feet bv six, exhibiting various tracks of birds, 
(fig. 110). 



Fig. 110. — Fossil footsteps of birds. 

All these marks belong to the birds called waderSy and appear 
to have been made upon the sea-shore. Some are small, others of 
a size so enormous that they could only have belonged to birds 
twice the size of the largest ostrich. In one case the footprint 
measures fifteen inches in length by ten in width, without count- 
ing the hind-claw, which itself measures two inches. The distance 
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between the successive footprints varies from four to six feet. The 
shorter footsteps may be taken as the length of the step when the 
bird walked at its ordinary pace, and the larger one when it 
moved more swiftly. 

184. A very remarkable concomitant of some of these fossil 
footprints is the distinct impressions of rain-drops upon the strata. 
Dr. Dean discovered a stratum containing more than a hundred 
marks of the feet of birds of Amrious species, the whole surface of 
which was pitted by the marks produced by a heavy shower of 
rain. Like marks were observed in Store ton quarry, near Liver- 
pool. The impressions produced by the rain-drops Avere sometimes 
perfect hemispheres, an indication of a heavy fall of rain in a vertical 
direction, and consequently in a calm atmosphere. In other cases 
the impressions were irregular and oblong, as if the drops had 
struck the surface obliquely, as Avhen a shower is accompanied by 
a strong wind. 

Professor Hitchcock also mentions specimens of sandstone ob- 
tained from various parts of the United States, showing at once 
footprints, ripple-marks, and rain-drops, the latter being elongated 
by the direction of the wind when the shower was falling. 

These phenomena can only be explained by the fact that the 
marks were made upon the moist sand formed on the shores of an 
estuary or tidal river, between high and low water mark, which 
then was alloAvcd to dry and harden by the action of the sun and 
air between two successive tides. The waters on the return of the 
tide would wash up silt to cover up the impressions without im- 
pairing their acenmey ; the two laj’crs uniting so as to exhibit 
Avhen separated the one a shield, and the other a cast from it of 
the form thus impressed. 

185. Our necessary limits, rather than the exhaustion of the 
subject, compel us here to close these first glimpses of geology. 
We propose, however, in a succeeding paper, to resume the sub- 
ject, and to give a brief sketch of the History of the Earth from 
the first formation of its solid crust to the last great act of creation 
which called the human race and its concomitant tribes into 
existence. 
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THE STEREOSCOPE. 

1. Surprising effect of the instrument explained.— 2. Causes of visual 
pei’S})ective and relief. — 8. Effects of binocular parallax. — 4 . Example 
of the bust of (-uvier. — 5. Principle of the stereoscope. — 6. Origin of 
the name. — 7. Wheatstone’s reflecting stereos(50])e. — 8. Sir David 
Brewster’s lenticular stereoscope. — 9. Method of obtaining stereoscopic 
pictures. — 10. How the effects of relief are produced. — 11, Natural 
relief greatly exaggerated. 

1. The surprise excited by the impressions of perspective and 
relief produced by tbe stereoscope have never, as we think, been 
fully or adequately explained. This emotion of astonishment does 
not merely arise, as is commonly supposed, from the fact that 
such impressions are stronger than those produced by the best 
executed drawings or paintings, but that, paradoxical as it may 
seem, they are actually in many cases stronger and more vivid, 
than any which could be produced by the objects themselves. In 
a word, the stereoscope has the property of exaggerating the 
natural effects of perspective and relief. To comprehend this it 
will only be necessary to revert for a moment to the principles 
upon which the effects of vision are based. 

The mind judges of the relative position, form, and magnitude 
of visible objects, by comparing their apparent outlines and 
varieties of light and shade, with previously acquired impressions 
of the sense of touch. The knowledge that such and such visual 
appearances and optical effects are produced by certain varieties 
of form, position, and distance having been already acquired, it 
substitutes with, the quickness of thought the cause for the effect. 
The continual repetition of such acts, which are necessarily re- 
peated as often as the sense of vision is exercised, and the extreme 
rapidity with which all such mental operations are performed, 
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render us unconscious of them, and we imagine that shape, dis- 
tance, and position are the immediate subjects of visual percep- 
tion, instead of being consequences deduced from a set of percep- 
tions of a wholly different kind. 

2. In drawing and painting, the effects of perspective and relief 
are therefore reproduced, by transferring to the canvas the same 
outlines and the same varieties of light and shade, which the 
objects delineated really present to the eye, and when this has 
been accomplished with the necessary degree of fidelity and pre- 
oision, the same impression of distance, perspective, and relief is 
l^roduced, as that which would be received from the immediate 
view of the objects themselves which are delineated. 

3. In certain exceptional cases, however, a class of visual phe- 
nomena is manifested which are quite independent of mere 
outline and varieties of light and shadow, and which no effort of 
art can transfer to canvas. Inasmuch, also, as these phenomena, 
like those already mentioned, are optical effects of distance, form, 
and position, they become, like the others, indications by which 
the mind judges of the relative forms and positions of the objects 
which produce them. Phenomena of this class are manifested, 
when the objects viewed are placed so near the observer, as to 
have sensible binocular parallax. The aspects under which they 
are seen in this case by the two eyes, right and left, are different. 
Certain parts are visible to each eye which are invisible to the 
other, and the relative positions in which some parts are seen by 
one eye, differ from those in which the same j)arts arc seen by the 
other eye. This difference of aspect and apparent position, arises 
altogether from the different position of the two eyes in relation 
to the objects. It is a phenomenon, therefore, wdiich can never 
be developed, in the case of objects whose distance bears a large 
proportion to the distance between the eyes, because there is no 
sensible difference between the aspects under which such objects 
are viewed by the one eye and the other. The i)henomenon, 
therefore, can only be manifested in relation to objects, whose 
distance from the observer is a small multiple of the distance 
between the eyes. 

4. To render this more clear, let us imagine a bust presented to 
an observer at a distance of a few feet, the face being turned 
obliquely so that one side is presented more to view than the 
other. Supposing the side which is turned towards the observer 
to be on his right, it is evident that the nose will intercept, more 
or less, the view of the side of the face which is on his left, but 
the part which it thus intercepts will not be the same for both 
eyes. It will evidently intercept more from the right than the 
left eye. On the other hand, the right eye will see a part of the 
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right side of the bust, which will be concealed from the left eye 
by the projecting parts of the face. 

It therefore appears that the two eyes, right and left, will have 
different views of the bust ; so that if the observer were to make 
an exact drawing of the bust with his left eye closed, and another 
exact drawing of it with his right eye closed, these drawings 
would not be identical. One of them would show a part of the 
bust on the extreme right, which would not be exhibited in the 
other, and the latter would show a part on the extreme left, which 
would not be included in the former. Moreover, a part of the 
cheek and the eye would be shown in the drawing made with the 
right eye closed, which would not appear in the drawing made 
with the left eye closed. 

Two such views of tlie same object are shown in figs. 1 and 2, 
the former being the view presented to the left and the latter to 
the right eye. 

Now it is evident that when such an object is looked at with 
both eyes open, the two dillbrcnt visual impressions here described 
are simultaneously perceived, and tlicy become to the mind signs 
and indications of the actual forms which produce them. 

When objects, therefore, can be viewed at distances small 
enough to he attended witli a sensible degree of parallax, their 
perspective and relief are perceived, not only ])y the outlines and 
varieties of light and shade, which are the common indications of 
perspective and relief at all distances, but also by the class of 
binocular phenomena which we have just described. 

Hence it follows that the perception of relief, and generally of 
form and relative position in objects whose proximity is suflicient 
to produce binocular parallax, is much stronger and more vivid 
than those whose distances, rendering the binocular parallax 
evanescent, leaves nothing but the outlines and the varieties of 
light and shadow, by which the mind can form a judgment of 
form, relative distance, and position. 

But since binocular parallax is reduced to the very small 
amount of half a degree at the distance of 24 feet, it is clear that 
it can only enter into the conditions by wdiich we perceive 
perspective and relief, in the case of a very limited class of 
objects, and is not at all applicable to objects in general whose 
forms and perspective we habitually contemplate. 

5. After what has been exjdained of the two different views 
which a near object presents, w^hen looked at successively with 
the one eye and the other closed, the principle of the stereoscope 
will be easily understood. 

A bust being placed before a competent draughtsman, as above 
described, at a distance sufficiently small to produce considerable * 
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binocular parallax, let him make two exact drawings of it, one 
with the right eye closed, and the other with the left eye closed. 
These two drawings will then represent the object as it is actually 
seen, when the optic axis of each eye is directed to it. Let us 
suppose that, by some optical expedient, the two drawings thus 
made can be so presented to the two eyes, that the optic axis, when 
directed to them, shall converge at the same angle as when they 
are directed to the object itself. In that case each e 3 ’e mil 
obtain the same view which it would obtain if the object itself 
were placed before it, and the 'sdsual perception must necessarily 
be the same as would be produced by the object looked at with 
both eyes open. 

6, Now the optical expedient by which this is accomplished is 
the stereoscope, a name derived from two Greek words, 
(stereon), a solid object, and o-Koirto), (skopeo) I look at ; inasmuch 
as the effect is such as to make the observer imagine that a really 
solid object (in the geometrical sense of the term), instead of a 
flat surface, is placed before him. 

V arious optical combinations have been proposed and contrived, 
lor the purpose of producing this effect upon two such drawings 
as we have here described. In some the visual ra^'s proceeding 
from the pictures are thrown into the re(j[uisite direction by 
reflection, and in others by refraction. 

7. In the first form given to the instrument by Professor 
Wheatstone, its inventor, the visual rays proceeding from the 
two pictures w^ere deflected by two plane reflectors placed at a 
right angle, so that in entering the ej’es they proceeded as if they 
had diverged from a common point, at which the object repre- 
sented by the pictures would therefore appear to bo placed. 

Let A B c I) (fig. 8) be the ground-plan of a rectangular box, open upon 

the side a n so as to admit the light. 
Let R and l be two eye-holes made 
in tlie side u c, at a distance apart 
equal to the distance between the eyes 
of the observer. Let e p and p g be 
two plane mirrors placed at right 
angles to each other. Let a drawing 
of an ohject seen with tlie right eye, 
the left being closed, be attached to 
the inside of d c at r, and another 
made from the ohject scon with the 
left eye, the right being closed, be in 
like manner attached at I to the 
inside of A B. Suf)posing the eyes of 
the observer to be placed at the holes R and l, the right eye will see by 
reflection the drawing r in tlie direction r n, and the left eye will see the 
drawing I by reflection in the direction l m. If the lines l m and r » be 
UO 
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imagined to be continued backwards, tbey will meet at a certain point o 
behind the reflectors ; and if the drawings r and I be made to correspond 
with the views which the right and left eyes would have respectively of the 
object itself, which they represent, placed at o, the impression produced by 
the two drawings thus seen will be precisely the same as those which 
would be produced on the right and left eye respectively by the object 
itself seen at o. 

8. In the lenticular stereoscope invented by Sir David 
Brewster, the form of the instrument to which the public in general 
in all countries have given the preference, the visual rays pro- 
ceeding from the two pictures are deflected and made to diverge 
from the desired distance, by means of two eccentric double 
convex lenses. 

These are formed by cutting a double convex lens A n c n (fig. 4), into 
two semi-lenses bad and b c n, in the 
direction of a plane b n, passing through 
the centre of the lens. The two eccentnc 
lenses are then cut out of these, so that 
the diameters a b and c k shall be the 
semi-diameters of the original lens. It i 

will be evident that a section of the origi- ^ ^ — j ^ , 

nal lens, made by a plane passing through - 

A E 0 at right angles to its surface, will ■'[ j}'- 

have the form represented at A EC (fig. 6), ' " i 

and consequently that the two eccentric 
lenses a e and c e will have their thickest 
part at e, and their thinnest at a and c. i- 

While the geometrical centres of th(‘sc 
lenses are at o and o', their optical (Centres 
are at the thickest point e of the radius. 

Now, suppose these tw*o lenses to be set with their edges A and c towards 
each other in two eye-holes whose distance apart is equal to that of the 
eyes, and let two objects, r and p' (fig. 6), be placed before them at a 
distance equal to their common focal length. According to the properties 
of lenses already explained, pencils of 
rays diverging from r and p', and pas.siiig Fig. r>. 

through tlie louses, Mill be, after refrac- 
tion, parallel respectively to lines drawn 
from p and p', through the optical centres 

E and e' of tlie lenses. Thus the visual j - ^ ^ 

ray p p muII, after refraction, issue in the ^ 1 

direction p L, and the ray p' y' M'ill issue 
in the direction p* R, so that the points p 
and p' will be seen in the directions of 
L p and II p' converging to the point o. 

Now, if p be a picture of au object as it appears to the left eye, and p' a 
picture of it as it ai)pears to the right eye, these two pictures Mill be 
brought together at o by the refraction of the lenses, and the eyes will see 
the combined pictures at o, exactly as they would see the object itself if it 
were placed there. 

An advantage incidental to this arrangement is, that the 
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convexity of the lenticular eye-pieces a e and c e', may be such 
as to produce 
any desired mag- 
nifying effect, 
within practical 
limits, upon the 
two pictures. 

The tubes con- 
taining the eye- 
glasses A E and 
c e', arc made to 
draw in and 
out so as to he 
adapted to dif- 
ferent eyes; and 
they are fixed 
by pins, which 
pass into slits 
made in them 
in that position 
in which the do- 

hocted rays have / 

the proper degree / ' 

of divergence. / \ 

The form in ''' 

which this lenti- 
cular stereoscope is usually constructed, is shown in fig. 7. The 

pictures are either opaque or 
transparent. If they are opaque, 
they are illuminated through an 
opening a li c i), covered by a 
hinged lid, the inside surface of 
which is coated with tinfoil so as 
to reflect light upon the pictures. 
If they are transparent, the base 
of the instrument a' n' c' n' has 
a plate of ground glass set in it, 
which allows a diffused light to 
pass through the pictures. 

9. In what has been stated 
^hovc, it has been assumed that 
two drawings of the same object can be produced, differing one from 
another precisely as the two views of the same object would differ, 
when viewed by the right and the left eye successively, subject 
to a given degree of binocular parallax. Now, the difficulty, if 
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not the total impracticability, of accomplishing this, with the 
extreme precision which is indispensable, by any process of hand- 
drawing, will be apparent ; and if the stereoscope were dependent 
on such a profcess, the most remarkable effects manifested by it 
would never have been witnessed. Fortunately, however, contem- 
poraneously with this beautiful optical invention, another, still 
more remarkable, was in progress of improvement. Photography 
lent its powerful aid to the stereoscope, and supplied an easy and 
perfectly accurate and efficient means of producing the right and 
left monocular pictures. If two lines be imagined to be drawn 
from the object inclined to each other at the angle which measures 
the proposed binocular parallax, two photographic instruments placed 
one on each of these lines, at the proper distance from the object, 
will produce the two desired pi^sturcs ; or the same instrument 
would do so, placed successively in the directions of the two lines. 

The stereoscopic pictures are accordingly produced by this 
method either upon daguerreotype plates, photogra])hic paper, or 
glass. On daguerreotype plates they are necessarily opaque ; on 
glass they are transparent ; and on paper may be either opaque or 
transparent, according to the thickness and quality of the paper. 

10. Since the greater number of stereoscopic lectures represent 
views of objects which must be so distant from tlie observe t as to 
have no sensible binocular parallax, it may be asked liow it is 
that stereoscopic effects, so remarkable as those which are mani- 
fested by such pictures, can be produced. If the stereoscopic 
effects be the consequences of binocular parallax, and of that 
alone, how can such effects be produced by pictures of objects, 
which have no such parallax 

This brings us back to a statement made in the commence- 
ment of this notice, that the appearance of perspective and relief 
produced by the stereoscope is, in most cases, exaggerated, as 
compared with that produced by an immediate view of the objects 
themselves, and that it is consequently such as can never be 
perceived when the objects themselves are looked at ; and that 
hence arises the sensation of surprise that such stereoscopic effects 
never fail to excite. 

If we desire to obtain a pair of stereoscopic pictures of any 
object of considerable magnitude, a palace or a cathedral, for 
example, we take a position at such a distance from it as will 
enable us to obtain, in the camera obscura of the photographic 
apparatus, a picture of it on a sufficiently small scale. Supposing, 
then, two lines to be drawn from the centre of the object to the 
place selected for the camera, making with each other an angle 
equal to the amount of binocular parallax, which is necessary to 
produce the stereoscopic effect of perspective and relief ; let two 
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photograpliic instruments be then placed one on each of these 
lines, with their optic axes in the directions of the lines respec- 
tively, and therefore converging towards the same point of the 
object, and let the distances of their object glasses from that point 
be equal. The optical pictures which they will produce will in 
that case be those which would be seen by two eyes, right and 
I eft, having a distance apart equal to the distance between the 
object glasses of the two photographic instruments. 

When the pictures are thus produced on a small scale they are 
placed in the stereoscope, the eye-glasses of which will have the 
effect of causing them to be viewed in lines converging at the same 
angle, as that formed by the optic axes of the two photographic 
instruments by which the pictures were produced. 

11. It will be manifest, then, that the impression produced by 
the view of such pictures in the stereoscope will be such, as could 
never be produced by the immediate view of the objects them- 
selves, inasmuch as they could never be seen with any such 
degree of binocular parallax, as that which has been given to 
them by the relative position of the two photographic instruments. 
This parallax will be greater than the natural binocular parallax 
of the object, in the same proportion as the distance between the 
centres of the object glasses of the two photographic instruments, 
is greater than the distance between- the eyes. Thus if, in taking 
such a pair of stereoscopic views of a building, the distance 
between the photographic instruments is 50 inches, the parallax 
thus produced will be greater than the natural binocular parallax 
in the proportion of 50 to 2*, or 20 to 1, and so far as the percep- 
tion of perspective and relief depends on binocular parallax, that 
which is produced from viewing the pictures of the building in 
the stereoscope, will be 20 times more strong and vivid than that 
which is produced by the view of the building itself, seen from the 
station at which the pictures are taken. 

It is then rigorously true, that the surprise and admiration 
excited by the stereoscope, does not arise from the truth of the 
picture which it presents, but from the strong exaggeration of 
perspective and relief which it exhibits. It is very true that no 
art of the draughtsman or painter could produce any such effects ; 
but it is equally true that no such effects could be produced by 
the objects themselves. 

Among the most interesting and instructive as well as sur- 
prising effects of the stereoscope, are those which it exhibits when 
stereoscopic views of geometrical solid figures are exhibited in it. 
The variety of these is endless. But since no mere verbal de- 
scription could convey any adequate idea of them, we can only 
invite the reader’s attention to this class of objects. 
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CHAPTEE L 

I. CoMETART Orbits : 1. Prescience of the astronomer. — 2. Strikingly 
illustrated by cometary discovery. — 3. Motion of comets explained by 
gravitation. — 4, Conditions imposed on the orbits of bodies which 
are subject to the attraction of gravitation. — 5. Elliptic orbit. — 6. 
Parabolic orbits. — 7. Hyperbolic orbits. — 8. Planets observe in their 
motions order not exacted by the law of gravitation. — 9 . Comets 
observe no such order in their motions. — 10. They move in conic 
sections, with the sun for the focus. — 11. Difficulty of ascertaining in 
what species of conic section a comet moves. — 12. Hyperbolic and 
parabolic comets not periodic. — 13. Elliptic comets periodic like the 
planets. — 14, Difficulties attending the analysis of cometary motioM. 
— 15. Periodicity alone proves the elliptic character. — 16. Periodicity 
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17. Many comets feoorded— few olnwed.— 18. CfUswfeja- 
tiw of the ootnetary orbits.— n. BiiLimc Comets EEVobviKO withik 
THE ORBIT OF Satthin : 19. Bnck^^s comet. — 20. Table of theefemenis 
" of the oi-bit.— 21. Indications of the effiscts of a rcsistang medhim.— 
22. The luminiferons ether would produce such an eff^st.— 28. CetteiS 
would ultimately fell into the sun. 

I. — COMETAEY ORBITS. 

‘ 1* For the civil and political historian the past alone had 
existence — ^the present he rarely apprehends ; the future never* 
^ To the historian of science it is permitted, however^ to penetrate 
the depths of past and future wi^ equal dearness and certainty : 
facts to come ore to him as present, and not unfrequently more 
assured than facts which are passed. Although this clear per- 
ception of causes and consequences characterises the whole domain 
of physical science, and clothes the natural philosopher with 
powers denied to the political and moral inquirer, yet foreknow- 
ledge is eminently the privilege of the astronomer. Nature has 
raised the curtain of futurity, and displayed before him the suc- 
cession of her decrees, so far as they affect the physical universe, 
for countless ages to come ; and the revelations of which she has 
made him the instrument, are supported and verified by a never- 
ceasing train of predictions fulfilled. He shows us the things 
which will be hereafter,” not obscurely shadowed out in figures 
and in parables, as must necessarily be the case with other reve- 
lations, but attended with the most minute precision of time, 
place, and circumstance. He converts the hours as they roll into 
an ever-present miracle, in attestation of those laws which his 
Creator through him has unfolded ; the sun cannot rise — the moon 
cannot wane — a star cannot twinkle in the firmament, without 
hearing witness to the truth of his prophetic records. It has 
pleased the “ Lord and Crovernor” of the world, in his inscrutable 
wisdom, to baftle our inquiiies into the nature and proximate 
cause of that wonderful iaculty of intellect — ^that imago of his 
own essence which he has conferred upon us ; nay, the springs 
and wheelwork of animal and vegetable vitality are concealed 
from our view by an impenetrable veil, and the pride of philo- 
sophy is humbled by the spectacle of the physiologist bending in 
fruitless ardour over the dissection of the human brain, and 
peering in equally unproductive inquiry over the gambols of an 
animalcule. But how nobly is the darkness which envelopes 
metaphysical inquiries compensated by the flood of light which is 
shed upon the physical creation! There all is harmony, and 
order, and majesty, and beauty. From the chaos of social and 
political phenomena exhibited in human records— phenomena 
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Tmcbimected to our imperfect Tision by any discoverable law, a 
vrar of passions and prejudices, governed by no apparent purpose, 
tending to no apparent end, and setting all intelligible order at 
defiance — ^how soothing and yet how elevating it is to turn to the 
splendid spectacle which offers itself to the habitual contemplation 
of the astronomer! How favourable to the development of all 
the best and highest feelings of the soul are such objects ! the 
•only passion they inspire being the love of truth, and the chiefest 
pleasure of their votaries arising from excursions through the 
imposing scenery of the universe — scenery on a scale of grandeur 
and magnificence, compared with which whatever we are accus- 
tomed to call sublimity on our planet dwindles into ridiculous 
insignificancy. Most justly has it been said, that nature has 
implanted in our bosoms a craving after the discovery of truth, 
and assuredly that glorious instinct is never more irresistibly 
awakened than when our notice is directed to what is going on in 
the heavens. Quoniam eadem IJ^atura cupiditatem ingenuit 
hominibus veri inveniendi, quod facillime apparet, cum vacui curis, 
•etiam quid in coelo fiat, scire avemus ; his initiis inducti omnia 
vera diligimus ; id est, fidelia, simplicia, constantia ; turn vana, 
talsa, fallentia odimus.” * 

2. Such reflections are awakened by every branch of astronomy, 
•but by none so strongly as by the history of cometary discovery. 
INo where can be found so marvellous a series of phenomena 
foretold. The interval between the prediction and its fulfilment 
bas sometimes exceeded the limits of human life, and one gene- 
ration has bequeathed its predictions to another, which has been 
filled with astonishment and admiration at witnessing their literal 
accomplishment. 

3. In the vast framework of the theory of gravitation constructed 
by Newton, places were provided for the arrangement and ex- 
position not only of all the astronomical phenomena which the 
-observation of all preceding generations had supplied, but also for 
a far greater mass wbich the more fertilfe ’ hrid active research of 
the generations which succeeded him hkVC furnished. By this 
theory all the known planetary motions were explained, and 
planets previously unseen were felt by their effects, their places 
ascertained, and the telescope of the observer guided to them. 

But transcendently the greatest triumph of this celebrated 
theory was the exposition it supplied of the physical laws which 
govern the motions of comets as distinguished from those which 
prevail among the planets. 

4. It is proved in the propositions demonstrated in the first 


Cic. de Fin. Bon. et Mai., ii. 14. 
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■ book of Newton^s Principia, which propositions form in substance 
the ground-work of the entire theory of gravitation, that a body 
which is under the influence of a central force, the intensity of 
which decreases as the square of the distance increases, must move 
in one or other of the curves known to geometers as the conic 
SECTIONS,” being those which are formed by the intersection of 
the surface of a cone by a plane, and that the centre of attraction 
must be in the focus of the curve ; and in order to prove that 
such curves are compatible with no other law of attraction, it is 
further demonstrated that whenever a body is observed to move 
round a centre of attraction in any one of these curves, that centre 
being its focus, the law of the attraction will be that of gravitation ; 
that is to say, its intensity will vary in the inverse proportion of 
the square of the distance of the moving body from the centre of 
force. 

Subject to these limitations, however, a body may move round 
the sun in any orbit, at any distance, in any plane, and in any 
direction whatever. It may describe an ellipse of any eccentricity, 
from a perfect circle to the most elongated oval. This ellipse 
may be in any plane, from that of the ecliptic to one at right 
angles to it, and the body may move in such ellipses either in the 
same direction as the earth or in the contrary direction. Or the 
body thus subject to solar attraction may move in a parabola with 
its point of perihelion at any distance whatever from the sun, 
either grazing its very surface or sweeping beyond the orbit 
of Neptune, or, in fine, it may sweep round the sun in an 
hyperbola, entering and leaving the system in two divergent 
directions. 

To render these explanations, which are of the greatest interest 
and importance in relation to the subject of comets, more clearly 
underst^, we have represented, in fig. 1, the forms of a very 
eccentric ellipse, aba'h', a parabola app\ and an hyperbola 
a h h\ having 8 as their common focus, and it will be convenient 
to explain: in the first instance the relative magnitude of some 
important lines and distances connected with these orbits. 

5. Ellipses or • ovals vary without limit in their eccentricity. 
A circle is regarded as an ellipse whose eccentricity is nothing. 
The orbits of the planets generally are ellipses, but having 
eccentricities so small that, if described on a large scale in 
their proper proportions on paper, they would be distinguish- 
able from circles only by measuring accurately the dimensions 
taken in different directions, and thus ascertaining that they are 
longer in a certain direction than in another at right angles to it. 

A very eccentric and oblong ellipse is delineated in fig. 1, of which 
a a' is the major axis. The focus being 8, the perihelion distance 
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d iB 8 a, and thie aphelion distanoe d' is « a', the mean distance a 
being « c, or half the major axis. 

The curvature of the ellipse continually increases from the mean 
distanoe to perihelion, and constantly decreases from perihelion 
to the mean distanoe, being 
equal at equal angular dis- 
tances from perihelion as seen 
from the sun. 

It is evident that if a body 
move in a very eccentric 
ellipse, such as that repre- 
sented in hg. 1, whose plane 
coincides exactly or nearly 
with the common plane of th6 
planetary orbits, it may in- 
tersect the orbits of several 
or all of the planets, as it is 
represented to do in the figure, 
although its mean distance 
from the sun may be less than 
the mean distance of several 
of those which it thus inter- 
sects. The aphelion distance 
of such a body may, there- 
fore, greatly exceed that of 
any planet; while its medn 
distance may be less than 
that of the more distant 
planets. 

6. The form of a parabolic 
orbit having the same peri- 
helion distance as the elliptic 
orbit is represented at a j), 
in fig. 1. This orbit consists 
of two indefinite branches, 
similar in form, which unite 
at perihelion a. Departing 
from this point on opposite 
sides of the axis a a', their curvature regularly and rapidly 
decreases, being equal at equal distances from perihelion. Ihe 
two branches have a constant tendency to assume the direction 
and form of two straight lines parallel to the axis a o'. To 
actual parallelism, and still less to convergence, these branches, 
however, never attain, and consequently they can never reunite. 
They extend, in fine, like parallel straight lines, to an unlimited 
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distance, without evei* reuniting, but assuming directions when 
the distance from the focus bears a high ratio to the peri- 
helion distance^ which are practically undistinguishable from 
par$.llelism. 

One parabolic orbit differs from another in its perihelion dis- 
tance. The less this distance is, the less will be the separation at 
a giyen distance from s between the parallel directions to which 
the indefinite branches pp' tend. This distance may have any 
magnitude. The body in its perihelion may graze the surface of 
the sun, or may pass at a distance from it greater than that of the 
most remote of the planets, so that, although it bo subject to solar 
attraction, it would in that case never enter within the limits of 
the solar system at all. 

A body moving in such an orbit, therefore, would not make, 
like one which moves in an ellipse, a succession of revolutions 
round the sun ; nor can the term periodic time be applied at all 
to. its motion. It enters the system in some definite direction, 
such as p'Pf as indicated by the arrow from an indefinite distance. 
Arriving within the sensible influence of solar gravitation, the 
effects of this attraction are manifested in the curvation of its path, 
which gradually increases as its distance from the sun decreases, 
until it arrives at perihelion, where the attractive force, and con- 
sequently the curvature, attain their maxima. The extreme 
velocity which the body attains at this point produces, in virtue 
of the inertia of the moving mass, a centrifugal force, which 
counteracts the gravitation, and the body, after passing perihelion, 
begins to retreat ; the solar gravitation and the curvature of its 
path decreasing together, until it issues from the system in a 
direction p as indicated by the arrows, which is nearly a straight 
line, and parallel to that in which it entered. In such an orbit a 
body therefore visits the system but once. It enters in a certain 
direction from an indefinite distance, and, passing through its 
perihelion, issues in a parallel direction, passing to an unlimited 
distance, never to return. 

. 7. Hyperbolic orbits, like the parabolas, consist of two inde- 
finite branches, which unite at perihelion, which at equal dis- 
tances from perihelion have equal curvatures, and which, as the 
distance from perihelion increases, approach indefinitely in direc- 
tion and form to straight lines, but, imlike the parabolic orbits, 
the straight lines to whose direction the two branches approximate 
are divergent and not parallel. 

Such an orbit having the same perihelion distance as the ellipse 
and parabola, is represented by a h h', fig. 1. 

The parabola is included between the ellipse and hyperbola. 

8. When the theory of gravitation was first propounded by its 
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illustrious author, no other bodies, save the planets and satellites 
then discovered, were known to move under the influence of such 
a central attraction. These bodies, however, supplied no example 
of the play of that celebrated theory in its full latitude. They 
obeyed, it is true, its laws, but they did much more. They dis- 
played a degree of harmony and order far exceeding what the law 
of gravitation exacted. Permitted by that law to move in any of 
the three classes of conic sections, their paths were exclusively 
elliptical ; permitted to move in ellipses infinitely various in their 
eccentricities, they moved exclusively in such as differed almost 
insensibly from circles ; permitted to move at distances subordi- 
nated to no regular law, they moved in a series of orbits at dis- 
tances increasing in a regular progression ; permitted to move at 
all conceivable angles with the plane of the ecliptic, their paths 
are inclined to it at angles limited in general to a few degrees ; 
permitted, in fine, to move in either direction, they all agreed in 
moving in the direction in which the earth moves in its annual 
course. 

Accordance so wondrous, and order so admirable, could not be 
fortuitous, and, not being enjoined by the conditions of the law 
of gravitation, must cither be ascribed to the immediate dictates 
of the Omnipotent Architect of the universe above all general 
laws, or to some general laws superinduced upon gravitation, 
which had escaped the sagacity of the. discoverer of that principle. 
If the former supposition were adopted, some bodies, different in 
their physical characters from the planets, primary and secondary, 
playing different parts and fulfilling different functions in the 
economy of the universe, might still be found, which would illus- 
trate the play of gravitation in its fuU latitude, sweeping round 
the sun in all forms of orbit, eccentric, parabolic, and hyperbolic, 
in all planes, at all distances, and indifferently in both directions. 
If the latter supposition were accepted, then no other orbit, save 
ellipses of small eccentricity, with planes coinciding nearly with 
that of the ecliptic, would be physically possible. 

9. The theory of gravitation had not long been promulgated, 
nor as yet been generally accepted, when the means of its further 
verification were sought in the motion of comets. Hitherto these 
bodies had been regarded as exceptional and abnormal, and as 
being exempt altogether from the operation of the law and order 
which prevailed in a manner so striking among the members of 
the solar system. So little attention had been given to comets 
that it had not been certainly ascertained whether they were to be 
classed as meteoric or cosmical phenomena ; whether their theatre 
was the regions of the atmosphere, or the vast spaces in which the 
great bodies of the universe move. Their apparent positions in 
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the heavens on various occasions of the appearances of the most 
conspicuous of them had nevertheless been from time to time for 
some centuries observed and recorded with such a degree of pre- 
cision as the existing state of astronomical science permitted ; and 
even when their places were not astronomically ascertained, the 
date of their appearance was generally preserved in the historic 
records, and in many cases the constellations through which they 
passed were indicated, so that the means of obtaining at least a 
rude approximation to their position in the firmament were thus 
supplied. 

10 . Such observations, vague, scattered, and inexact as they 
were, supplied, however, data by which, in several cases, it was 
possible to compute the real motion of these bodies through space, 
their positions in relation to the sun, the earth, and the planets, 
and the paths they followed in moving through the system, with 
sufficiently approximate accuracy to conclude with certainty that 
they were one or other of the conic sections, the place of the sun 
being the focus. 

This was sufficient to bring these bodies under the general 
operation of the attraction of gravitation. 

It still remained, however, to determine more exactly the 
specific character of these orbits. - Are they ellipses more or less 
eccentric ? or parabolas ? or hyperbolas ? — Any of the three classes 
of orbits would, as has been shoum, be equally compatible with 
the law of gravitation. 

11. It might be supposed that the same course of observation 
as that by which the orbit of a planet is traced would be applicable 
equally to comets. Many circumstances, however, attend this 
latter class of bodies, which render such observations impossible, 
and compel the astronomer to resort to other means to determine 
their orbits. 

A spectator stationed upon the earth keeps within his view each 
of the other planets of the system throughout nearly the whole of 
its course. Indeed, there is no part of the Orbit of any planet in 
which, at some time or other, it may not be seen from the earth. 
Every point of the path of each planet can therefore be observed ; 
and, although without waiting for such observation, i£s course 
might be determined, 3 'et it is material here to attend to the fact, 
that the whole orbit may be submitted to direct observation. The 
different planets, also, present peculiar features by which each 
may be distinguished. Thus, as has been explained, they are 
observed to be spherical bodies of various magnitudes. Their 
surfaces are marked by peculiar modes of light and shade, which, 
although variable and shifting, still, in each ease, possess some 
prevailing and permanent characters by which the identity of the 
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object maj be establiahed, even were there no other means of 
determining it. 

Unlike planets, comets do not present to us those individual 
characters above mentioned, by which their identity may be 
determined. None of them have been satisfactorily ascertained 
to be spherical bodies, nor indeed to have any definite shape. 
It is certain that many of them possess no solid matter, but are 
masses consisting of some nearly transparent substances ; others 
are so surrounded with this apparently vaporous matter, that it 
is impossible, by any means of observation which we possess, to 
discover whether this vapour enshrouds within it any solid mass. 
The same vapour which thus envelopes the body (if such there 
be within it) also conceals from us its features and individual 
character. Even the limits of the vapour itself, if vapour it be, 
are subject to great change in each individual comet. Within a 
few days they are sometimes observed to increase or diminish 
some hundred- fold, A comet appearing at distant intervals 
presents, therefore, no very obvious means of recognition. A 
like extent of surrounding vapour would evidently be a fallible 
test of identity ; and not less inconclusive would it be to infer 
diversity from a different extent of nebulosity. 

If a comet, like a planet, revolved round the sun in an orbit 
nearly circular, it might be seen in every part of its path, and 
its identity might thus be established independently of any 
peculiar characters in its appearance. But such is not the course 
which comets are observed to take. 

In general a comet is visible only throughout an arc of its 
orbit, which extends to a certain limited distance on each side 
of its perihelion. It first becomes apparent at some point of its 
path, such as # 7 , g’ or r/", fig. 1 ; it approaches the sun and dis- 
appears after it passes a corresponding point < 7 , g' or g" in departing 
from the sun. The arc of its orbit in which alone it is visible 
would therefore be y a a y', or g" a g”. 

If this arc, extending on either side of perihelion, could always 
be observed with the same precision as are the planetary orbits, 
it would be possible, by the properties of the conic sections, to 
determine not only the general character of the orbit, whether it 
be an ellipse, or parabola, or an hyperbola, but even to ascertain 
the individual curve of the one kind or the other in which the 
comet moves, so that the course it followed before it became visible, 
as well as that which it pursues after it ceases to be visible, would 
be as certainly and precisely known as if it could be traced by 
direct observation throughout its entire orbit. 

12. If it be ascertained that the arc in which the comet moves 
while it is visible is part of an hvperbola, such as g a g, it will be 
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inferred that the comet coming from some indefinitely distant 
region of the nniverse, has entered the system in a certain direction, 

hy which can be inferred from the visible arc g ct g, and that it 
must depart to another indefinitely distant region of the universe 
following the direction h h\ which is also ascertained from the 
visible arc g a g. 

If, on the other hand, it be ascertained that the visible arc, 
such as g' a g'y be part of a parabola, then, in like manner by the 
properties of ^at curve, it will follow that it entered the system 
coming from an indefinitely distant region of the universe in a 
certain direction, p' p, which can be inferred from the visible 
arc g* a g', and that after it ceases to be visible, it will issue from 
the system in another determinate direction, p ^ , parallel to that 
by which it entered. 

The comet, in neither of these cases, would have a periodic 
character. It would be analogous to one of those occasional 
meteors which are seen to shoot across the firmament never again 
to reappear. The body arriving from some distant region, and 
coming, as would appear, fortuitously within the solar attraction, 
is drawn from its course into the hyperbolic or parabolic path, 
which it is seen to pursue, and escapes from the solar attraction, 
issuing from the system never to return. The phenomenon would 
in each case be occasional, and, in a certain sense, accidental, 
and the body could not be said properly to belong to the system. 
So far as relates to the comet itself, the phenomenon would consist 
in a change of the direction of its course through the universe, 
operated by the temporary action of solar gravitation upon it. 

13. But the case is very difierent, the tie between the comet 
and the system much more intimate, and the interest and physical 
importance of the body transcendently greater when the arc, such 
as g" a g'\ proves to be part of an ellipse. In that case, the invisible 
part of the orbit being inferred from the visible, the major axis 
a a' would be known. The comet would possess the periodic 
character, making successive revolutions like the planets, and 
returning to perihelion a after the lapse of its proper periodic 
time, which could be inferred by the harmonic law from the 
magnitude of its major axis. 

Such a body would then not be, like those which follow hyper- 
bolic OT parabolic paths, an occasional visit to the system, con- 
nected with it by no permanent relation, and subject to solar 
gravitation only accidentally and temporarily. It would, on the 
contrary, be as permanent, if not as strictly regular, a member of 
the system as any of the planets, though invested, as will pre- 
sently appear, with an extremely different physical character. 

It will therefore be easily conceived with what profound interest 
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comets were regarded before the theory of gravitation had been 
yet firmly established or generally accepted, and while it was, so 
to speak, upon its trial. These b^ies were, in fact, looked for as 
the witnesses whose testimony must decide its fate. 

14. Difficulties, however, which seemed almost insurmountable, 
opposed themselves to a satisfactory and conclusive analysis of 
their motions. Many causes rendered the observations upon their 
apparent places few in number and deficient in precision. The 
arcs <7 a p, g' a g\ and g" a g” of the three classes of orbit in 
any of which they might move without any violation of the law 
of gravitation were very nearly coincident in the neighbourhood 
of the place of perihelion a. It was, for example, in almost all 
the cases which presented themselves, possible to conceive three 
different curves, an eccentric ellipse, such as « J a' a parabola, 
such asy^ 0 , and an hyperbola, such as h' h a, so related that 
the arcs gag, g' a g\ and g" a //", would not deviate one from 
another to an extent exceeding the errors inevitable in cometary 
observations. Thus any one of the three curves within the limits of 
the visible path of the comet might with equal fidelity represent 
its course. In such cases, therefore, it was impossible to infer, 
from the observations alone, whether the comet belonged to the 
class of hyperbolic or parabolic bodies, which have no periodic 
character, or to the elliptic, which has. 

15. The character of periodicity itself, which belongs exclusively 
to elliptic orbits, supplied the means of surmounting this diffi- 
culty. If any observed comet have an elliptic motion, it must 
return to perihelion after completing its revolution, and it must 
have been visible on former returns to that position. Not only 
ought it to be expected, therefore, that such a comet would re- 
appear in future after absences of equal duration (depending on 
its periodic time), but that its previous returns to perihelion 
would be found by searching among the recorded appearances of 
such objects for any, the dates of whose appearance might cor- 
respond with the supposed period, and whose aj)parent motions, if 
observed, might indicate a real motion in an orbit, identical or 
nearly so with that of the comet in question. 

If the motion of such a body were not affected by any other 
force except the solar attraction, it would re-appear after each 
successive revolution at exactly the same point; would follow, 
while visible, exactly the same arc < 7 " a g" ; would move in the 
same plane, inclined at the same angle to the ecliptic, the nodes 
retaining the same places ; and would arrive at its perihelion at 
exactly the same point a, and after exactly equal intervals. 

Now, although the disturbing actions of the planets near which 
it might pass, in departing from and returning to the sun, must 
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be expected to be muoh more considerable than when one planet 
upon another, as well because of the extreme comparative 
lightneBs of the comet, as of the great eccentricity of its orbit, 
which sometimes actually or nearly intersects the paths of several 
planets, and esj^cially those of the larger ones, yet still , such 
planetary attractions are only disturbances, and cannot be sup- 
posed to efiace that character which the orbit receives from the 
predominant force of the immense mass of the sun. While there- 
fore we may be prepared for the possibility, and even the pro- 
bability, that the same periodic comet on the occasion of its 
successive re- appearances, may follow a path r/" a g** in passing 
to and from its perihelion, Offering to some extent from that 
which it had followed on previous appearances, yet in the main 
such differences cannot, except in rare and exceptional cases, be 
very considerable, and for the same reason the intervals between 
its successive periods, though they may differ, cannot be subject 
to any very great variation. 

16. If then, on examining the various comets whose appearances 
have been recorded, and whose places while visible have been 
observed, and on computing from the apparent places the arc of 
the orbit through which they moved, it be found that two or more 
of them, while invisible, moved in the same path, the presumption 
will be that these were the same body re-appearing after having 
completed its motion in an elliptic orbit ; nor should this pre- 
sumption of identity be hastily rejected because of the existence 
of any discrepancies between the observed paths, or any inequality 
of the intervals between its successive re-appearances, so long 
as such discrepancies can fairly be ascribed to the possible 
disturbances produced by planets which the comet might have 
encountered in its path, 

17. Many comets, however, have been recorded^ but not observed. 
Historians have mentioned, and even described, their appearances, 
and in some cases have indicated the chief constellations through 
which such bodies passed, although no observations of their appa- 
rent places have been transmitted by which any close approximation 
to their actual paths could be made. Nevertheless, even in these 
cases, some clue to their identification is supplied. The intervals 
between their appearances alone is a highly probable test of 
identity. Thus if comets were regularly recorded to have 

■ appeared at intervals of fifty years (no circumstance affording 
evidence of the diversity of these objects), they might be assumed, 
with a high degree of probability, to be the successive returns of 
an elliptic comet having that interval as its period. 

18. The appearances of about 400 comets had been recorded in 
the annals of various countries before the end of the seventeenth 
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century, the epoch signalised by the discoveries and researches of 
Newton. In most cases, however, the only circumstance recorded 
was the appearance of the object, accompanied in many instances 
widi details bearing evident marks of exaggeration respecting its 
magnitude, form, and splendour. In some few cases, the con- 
stellations through which the object passed successively, with the 
necessary dates, are mentioned, and in some, fewer still, obser- 
vations of a rough kind have been handed down. From such 
scanty data, eagerly sought for in the works preserved in different 
countries, sufficient materials have been collected for the com- 
putation, with more or less approximation, of the elements of the 
orbits of about sixty of the 400 comets above mentioned. 

Since the time of Newton, Halley, and their contemporaries, 
observers have been more active, and have had the command of 
instruments of considerable and constantly increasing power ; so 
that every comet which has been visible from the northern hemi- 
sphere of the earth since that time, has been observed with 
continually increasing precision, and data have been in all cases 
obtained, by which the elements of the orbits have been calculated. 
Since the year 1700, accordingly, about 140 have been observed, 
the elements of the orbits of which have been ascertained with 
great precision. 

It appears, therefore, that of the entire number of comets which 
have appeared in the firmament, the orbits of about 2C0 have 
been ascertained. Of this number forty have been ascertained, 
some conclusively, others with more or less probability, to revolve 
in elliptic orbits. 

Seven have passed through the system in hyperbolas, and con- 
sequently will not visit it again, unless they be thrown into other 
orbits by some disturbing force. 

One hundred and sixty have passed through the system either 
in parabolic orbits, or in ellipses of such extreme eccentricity as 
to be undistinguishable from parabolas by any data supplied by 
the observations. 


II. — ELLirXIC COMETS KEVOLVING WITHIN THE OEBIT OF 
SATUnN. 

19. In 1818, a comet was observed at Marseilles, on the 26th 
of November, by M, Pons. In the following January, its path 
being calculated, M. Arago immediately recognised it as identical 
with one which had appeared in 1805. Subsequently, M. Encke 
of Berlin succeeded in calculating its entire orbit — inferring the 
invisible from the visible part — and found that its period was 
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about 1200 days. This caloulatioii was verified by the fact of its 
return in 1822, since which time the comet has gone by the name 
of Encke's cornet^ and returned regularly. 

It may be asked, How it could have happened that a comet 
which made its revolution in a period so short as three years and 
a quarter, should not have been observed until so recent an epoch 
as 1818 ? This is explained by the fact that the cometis so small, 
and its light so feeble even when in the most favourable position, 
that it can only be seen with the aid of the telescope, and not 
even with this except under certain conditions which are not ful- 
filled on the occasion of every perihelion passage. Nevertheless, 
the comet was observed on three former occasions, and the general 
elements of its path recorded, although its elliptic, and con- 
sequently periodic character, was not recognised. 

On comparing, however, the elements then observed with those 
of the comet now ascertained, no doubt can be entertained of their 
identity. 

20. In the following table are given the elements of the orbit 
of this comet, as computed from the observations made upon it at 
each of its three appearances in 1786, 1795, and 1805, before its 
periodic character was discovered, and at its eleven subsequent 
appearances up to 1852. 


TABLE I. 

Elements of the Orbit of Encke’s Comet to 18C>'2. 
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The motion of this comet is direct ; and its period in 1852 was 
3*29616 years, which is subject to a slight variation. 

It is evident that between 1786 and 1795 there were two, 
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between 1795 and 1805 two, and, in fine, between 1805 and 1819 
three, unobserved returns to perihelion. 

It appears, therefore, that, excepting the oval form of the orbit, 
the motion of this body differs in nothing from that of a planet 
whose mean distance from the sun is that of the nearest of the 
planetoids. Its eccentricity is such, however, that when in 
perihelion it is within the orbit of Mercury, and when in aphelion 
it is outside the most distant of the planetoids, and at a distance 
from the sun equal to four-fifths of that of Jupiter. 

21. A fact altogether anomalous in the motions of the bodies of 
the solar system, and indicating a consequence of the highest 
physical imiwrtance, has been disclosed in the observation of the 
motion of this comet. It has been found that its periodic time, 
and consequently its mean distance, undergoes a slow, gradual, 
and apparently regular decrease. The decrease is small, but not 
at all uncertain. It amounted to about a day in ten revolutions, 
a quantity which could not by any means be placed to the account 
either of errors of observation or of calculation ; and, besides, 
this increase is incessant, whereas errors would affect the result 
sometimes one way and sometimes the other. The period of the 
comet between 1786 and 1795 was 1208^ days ; between 1795 and 
1805 it was 1207”, days; between 1805 and 1819 it was 1207;;^(^ 
days ; in 1845 it was 1205^ days ; and, in fine, in 1852 it was 
1204 days. 

The magnitude of the orbit thus constantly decreasing (for the 
cube of its greater axis must decrease in the same proportion as 
the square of the period), the actual path followed by the comet 
must be a sort of elliptic spiral, the successive coils of which are 
very close together, every successive revolution bringing the 
comet nearer and nearer to the sun. 

Such a motion could not arise from the disturbing action of the 
planets. These forces have been taken strictly into account in 
the computation of the eplicmcrides of the comet, and there is 
still found this residual phenomenon, which cannot be placed to 
their account, but which is exactly the effect which would arise 
from any physical agency by which the tangential motion of the 
comet would be feebly but constantly resisted. Such an agency, 
by diminisliing the tangential velocity, would give increased 
efficacy to the solar attraction, and, consequently, increased cur- 
vature to the comet’s path ; so that, after each revolution, it 
would revolve at a less distance from the centre of attraction. 

22. It is evident that a resisting medium, such as the lumini- 
ferous ether * is assumed to be in the hypothesis which forms 

* See “Hand-Book of Astronomy,” § 1225. 
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tke basis of tlie nndulatory theory of light, would produce just 
such a pheuomeuoxii and accordingly the motion of this comet 
is regarded' as a strong evidence tending to convert that hypo- 
thetical Huid into a real physical agent. 

It remains to be seen whether a like phenomenon will be 
developed in the motion of other periodic comets. The discovery 
of these bodies, and the observation of their motions, are as yet 
too recent to enable astronomers, notwithstanding their greatly 
multiplied number, to pronounce decisively upon it. 

23. If the existence of this resisting medium should be estab- 
lished by its observed effects on comets in general, it will follow, 
that, after the lapse of a certain time (many ages, it is true, but 
still a definite interval), the comets will be successively, absorbed 
by the sun, unless, as is not improbable, they should be previously 
vaporised by their near approach to the solar fires, and should 
thus be incorporated with his atmosphere. 

In the efibrts by which the human mind labours after truth, it 
is curious to observe how often that desired object is stumbled upon 
by accident, or arrived at by reasoning which is false. One of 
Kewton’s conjectures respecting comets was, that they are “ the 
aliment by which suns are sustained ; and he therefore con- 
cluded that these bodies were in a state of progressive decline 
upon the suns, round which they respectively swept; and that 
into these suns they from time to time fell. This opinion appears 
to have been cherished by iTfewton to the latest hours of his life : 
he not only consigned it to his immortal writings, but, at the age 
of eighty-three, a conversation took place between him and his 
nephew on this subject, which has come down to us. I cannot 
say,” said Newton, “when the comet of 1680 will fall into the 
sun; possibly after five or six revolutions; but whenever that 
time shall arrive, the heat of the sun will be raised by it to such 
a point, that our globe will be burnt, and all the animals upon it 
will perish. The new stars observed by Hipparehus, Tycho, and 
Kepler, must have proceeded from such a cause, for it is impos- 
sible otherw;ise to explain their sudden splendour.” His nephew 
then asked him, “ Why, when he stated in his writings that 
comets would fall into the sun, did he not also state those vast fires 
they must produce, as he supposed they had done in the stars ? ” 
— “Because,” replied the old man, “the conflagrations of the 
sun concern us a little more directly. I have said, however,” 
added he, smiling, “enough to enable the world to collect my 
opinion.” 


ICO 



Fig. 21.--.Jaii. 20, 1S3G. 


Fig. 19. -Jan. 24, 1830. 



Fig. 20.— Jan. 2.'/, ISJO. Fig. 22.— .Jan. 27, IS'J*’. 

TrAl.LCV’s CO.VIIT Dr.PARTIN'G FRO.M THE SUN IN 1S:;0, 


COMKTS. 

CHAPTEE n. 

24i. Wliy like effects arc not manifested in tlie motion of the i»lanets. — 2ii. 
Corrected estimate of the mass of Mercury. — 2(>. Biela’s comet. — 27. 1’os- 
si})ility of the collision of Biela’s comet with the earth. — 28. Resolution 
of Bieia’s comet into two. — 20. Changes of aiipearance attending the 
separation. — 80. Faye’s comet. — 31. Reapjiearaiice in 18.00-1 calculated 
l»y M. Le Verrier. — 32. De Vico’s comet. — 33. Brorsen’s comet. — 34. 
D’Arrest’s comet. — 35. l^llliptic comet of 1743. — 30. Klliptic comet 
of 1700. — 37. Loxell’s comet. — 38. Analysis of Lapla(;e ajiplied to 
Le.xell's comet. — 30. Its orhit before 1707 and after 1770 calculated 
by his formuhe. — 40. Revision of these researdies by M. Le Verrier. 
— 41. Process by wliich the identification of peri(xli(^ comets may be 
decided. — 42. Aiiplication of this process by M. Le Venier tj the 
eomets of Faye, Be Vico, and Brorsen, and that of Lexell-— their 
diversity proved. — 43. Broliable identity of Be Vico’s cornet with the 
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comet of 1G78.— 44. Blainplan’s comet of 1819.— 45. Pons s comet of 
1819.— 46. Pigott’B comet of 1783.— 47. Peters’s comet of 1846.— 
48. Tabular synopsis of the orbits of the comets which revolve within 
Saturn’s orbit.— 49. Diagram of the orbits.— 50. Planetary character 
of their orbits. — III. Elliptic Comets, whose mean distances auk 
NEAELY EQUAL TO THAT OP Uranus : 51. Comets of long periods first 
recognised as periodic. — 52. Neuiioii’s conjectures as the existence 
of comets of long ]>eriods. — 53. Halley’s researches. — 54. Halley 
predicts its re-appearance in 1758-9. 

24. It may bo asked, If the existence of a resisting medium be 
admitted, whether the same ultimate late must not await the 
planets ? To this inquiry it may be answered that, within the 
limits of past astronomical record, the ethereal medium, if it 
exist, has had no sensible effect on the motion of any planet. 
That it might have a perceptible effect upon comets, and yet not 
upon planets, will not be surprising, if the extreme lightness of 
the comets compared with their bulk be considered. The effect 
in the two cases may be compared to that of the atmosphere upon 
.a piece of swan’s down and iij^on a leaden bullet moving through 
it. It is certain that whatever may he the nature of this resisting 
medium, it will not, for many hundred years to come, produce the 
slightest perceptible effect upon the motions of the planets. 

25. The masses of comets in general are, as will he explained, 
incomparably smaller than those of tlic smallest of tlic planets ; 
so much so, indeed, as to hear no appreciable ratio to them. A. 
consequence of this is, that while the effects of their attraction 
upon the planets are altogctlier insensible, the disturbing effects 
of tlic masses of tlie planets upon tluau arc very considerable. 
Those disturbances, being proportional to the disturbing masses, 
may then be us(id as measures of the latter, just as the movement 
of the ])ith-ba]l in the balance of torsion supplies a measure of 
the physical forccjs to wliich that instrument is applied. 

Kneke’s comet, near its perihelion, passes near the orbit of 
Mercury ; and when that planet, at the epoch of its perihelion, 
happens to be near the same point, a considerable and measurable 
disturbance is manifested in tlic comet’s motion, which being 
observed, supplies a measure of the planet’s mass. 

This combination of the motions of the planet and comet took 
place under very favourable circumstances, on tlic occasion of the 
2 )erihelion passage of the comet in 1838, the result of which, 
according to the calculations of Professor Enck6, was tlie discovery 
of an error of largc‘ amount in the previous estimates of the mas& 
of the planet. After making every allowance for other jdanctary 
attraction^, and for the effects of the resisting medium, tll^^ 
existence of which it appears necessary to admit, it was inferred 
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that the mass assigned to Mercury by Laplace was too great in 
the proportion of 12 to 7. 

This question is still under examination, and every succeeding 
perihelion passage of the comet Avill increase the data by wbicli 
its more exact solution may be aceonijdisbed. 

2(). On February 28, 1S2(), ^1. Bicla, an Austrian officer, 
observed in Boliemia a comet, which Avas seen at Marseilles at 
about the same time by M. (lanibart. The path wliich it pursued, 
Avas observed to be similar to that of comets Avliich had appeared 
in .1772 and 1806. Finally, it AA'as found that this body moA'ed 
round the sun in an oval orbit, and that tlie time of its reA^olution 
Avas about G years and 8 months. It lias since returned at its 
predicted times, and lias been adopted as a member of our system, 
under the name of Biela’s comet. 

Biela’s comet moves in an orbit Avliose plane is inclined at a 
small angle to those of the jdaiiets. It is but slightly oval, tlie 
length being to the breadth in the proportion of about 4 to 6. 
When m'arest to the sun, its distance is a little less than that of 
the earth ; and Avhen most remote from the sun, its distance 
somewhat exceeds that of du pi ter. Thus it ranges tlirough the 
solar system, between the orbits of Jiquter and the earth. 

This comet had l)cen observed in 1772 and in 1806; but the 
elliptic form of its orbit, ami consequently its peiiodicity, Avas 
not discoA'ered. Its return to ])erilielion Avas predicted and 
observed in 1862, in ISJG, and in lSo2 ; but that which took 
place in 1S6S escaped observation, owing to its nnfavoiirablo 
position and extreme faintness. 

A Table, sboA\'ing the elements of this comet during each of its 
appearances from 1772 to 184ci inclusive, maybe seen by refer- 
ence to my ‘‘ Hand-Book of AstronomA^■’ 

27. One of the jmints at AAdiicli the orbit of Biela’s comet 
intersects the plane of the ecliptic, is at a distance from the earth’s 
orbit less than the sum of the semi-diameters of the earth and th(‘ 
comet. It follows, therefore (290-j), that if the eomet should 
arrive at this ])oint at the same moment at which the earth 
passes through th(' point of its orbit Avhieb is nearest to it, a 
portion of the globe of the cartli must jKaietrate tlie eomet. 

It was estimated on the occasion of the perihelion jiassage of 
this comet in 1832, that the semi-eliamotcr of the comet (that 
body being nearly globular, and having no pi'reeptible tail) Avas 
21000 miles, while the distance of the point at which its centre 
passed through the plane of the ecliptic, on the 29th October in 
that year, from the path of the earth was only 18600 miles. It 
the centre of the earth happened to haA"c been at the point of its 
orbit nearest to the centre of the comet on that day, the distance 
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between the centres of the two bodies would have been only 
18600 miles, while the semi-diameter of the comet was 21000 
miles ; and the semi-diameter of the earth being in round 
numbers 4000 miles, it would follow that in such a contingency 
the earth would have plunged into the comet to a depth of 

21000 -f 4000 — 18600 6400 miles, 

a depth exceeding three-fourths of the earth’s diameter. 

The possibility of such a catastrophe having been rumoured, 
great popular alarm was excited before the expected return of the 
comet in 1832. It was, however, shown that on the 29th October 
the earth would be about five millions of miles from the point of 
danger, and that, on the arrival of the earth at that point, the 
comet would have moved to a still greater distance. 

28. Itesolution of HiehCs comet into two , — One of the most 
extraordinary j^henoniona of which the history of astronomy 
affords any example, attended the appearance of this comet in 
184G. It was on that occasion seen to resolve itself into two 
distinct comets, which, from the latter end of December, 1845, to 
the epoch of its disapi)caraiice in April, 184(5, moved indistinct 
and independent orbits. The paths of these two bodies were 
in such optical juxtaposition that both were always seen together 
in the field of view of the telescope, and the greatest visual angle 
between their centres did not amount at any time to 10', the 
variation of tliat angle arising principally from the change of 
direction of the visual line, relatively to the line joining their 
centres, and to the change of the comet’s distance from the earth. 

M. riantamour, director of the Observatorj’ of Geneva, calcu- 
lated the orbits of these two comets, considered as independent 
bodies ; and found that the real distance between their centres 
was, subject to but little variation while visible, about thirty- 
nine semi- diameters of the earth, or two- thirds of the moon’s 
distance. The comets moved on tlius side by side, without 
manifesting any reciprocal disturbing action ; a circumstance 
no way surprising, considering the infinitely minute masses of 
such bodies. 

29. The original comet was apparently a globular mass of 
nebulous matter, semi-transparent at its very centre, no appear- 
ance of a tail being discoverable. After the separation, both 
comets had short tails, parallel in their direction, and at right 
angles to the line joining their centres ; both had nuclei. From 
the day of their separation the original comet decreased, and the 
companion increased, in brightness, until (on the 10th February) 
they were sensibly equal. After this the companion still increased 
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in brightness, and from the 14th to the 16th was not only greatly 
superior in brightness to the original, but had a sharp and star- 
like nucleus, compared to a diamond spark. The change of 
brightness was now reversed, the original comet recovering its 
superiority, and acquiring on the 18th the same appearance as 
the companion had from the 14th to the 16th. After this the 
companion gradually faded away, and disappeared previously to 
the final disappearance of the original comet on 22nd April. 

It was observed also that a thin luminous line or arc was 
thrown across the space which separated the centres of the two 
nuclei, especially when one or the other had attained its greatest 
brightness, the arc appearing to emanate from that which for the 
moment was the brighter. 

After the disappearance of the companion, the original comet 
threw out three faint tails, forming angles of 120° with each 
other, one of which was directed to the jdace which had been 
occupied by the companion. 

It is suspected that the faint comet which was observed by 
Professor Secchi to precede Biela’s comet in 1852, may have been 
the companion thus separated from it, and if so, the separation 
must be permanent, the distance between the parts being greater 
than that which separates the earth from the sun. 

30. On the 22nd November, 1843, M. Faye, of the Paris Obser- 
vatory, discovered a comet, the path of which soon appeared to be 
incompatible with the parabolic character. Dr. Goldschmidt 
showed that it moved in an ellipse of very limited dimensions, 
with a period of 74 years. It was immediately observed as being 
extraordinary, that, notwithstanding the frequent returns to peri- 
helion which such a period would infer, its previous appearances 
had not been recorded. M. Faye replied by showing that the 
aphelion of the orbit passed very near to the path of Jupiter, and 
that it was possible that the violent action of the great mass of 
that planet, in such close proximity with the comparatively light 
mass of the comet, might liave thrown the latter body into its 
present orbit, its former path being either a parabola or an ellipse, 
'with such elements as to prevent the comet from coming within 
visible distance. M. Faye supported these observations by refer- 
ence to a more ancient comet, which we shall presently notice, to 
which a like incident is sux)posed with much probability, if not 
certainty, to have occurred. 

31. The observations which had been made in 1843, at several 
observatories, but more especially those made by M. Struve at 
Pultowa, 'v\'ho continued to observe the comet long after it ceased 
to be observed elsewhere, supplied to M. Le Verrier the data neces- 
sary for the calculation of its motion in the interval between its 
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perihelion in 1843 and its expected re-appcarance in 1800-1, 
subject to the disturbing action of the planets, and he predicted its 
succeeding perihelion for the 3rd of April, 1801. 

Aided by the formuhe of M. Le A^crrier, Lieutenant Stratford 
calculated a provisional ephemeris in 1800, by which observers 
might be enabled more easily to detect the comet, whicli was the 
more necessar}" as the object is extremel}’ faint and small, and not 
ctipable of being seen except by means of the most perfect tele- 
scopes. By means of this ephemeris, Professor ChaUis, of Cam- 
bridge, found the comet on the night of the 28th A^'ovember very 
nearly in the place assigned to it in the tables. Two observations 
only were tlien made upon it, which, however, were sufficient to 
enable M. Le A'errier to give still greater precision to his formula', 
by assigning a definite iiumeiical value to a small quantity which 
before was left indeterminate. Lieutenant Stratford, with the 
formula thus corrected, calculated a more extensive and exact 
ephemeris, extending to the last day of Marcli, and published it 
in January, 1831, in the Nautical Almanack. 

The comet, though extremely faint and small, and consequently 
difficult of observation, continued to be observed by Professor 
Challis, with the great Northumberland telescope, at Cambridge, 
and by Al. Struve at Pultowa, and it was found to move in exact 
accordance with the predictions. 

32. On the 22nd August, 1844, Al. dc Vico, of the Roman 
Observatory, discovered a cornet whose orbit was soon afterwards 
l)rov('d by M. Faye to be an e]lij)se of moderate eccentricity, with 
a period of about 5^ years. It arrived at its perihelion on the 
2nd of September, and continued to be observed until the 7th 
of December. 

33. On the 2(it]i of February, 1846, M. Brorsen, of Kiel, dis- 
covered a faint comet, which -was soon found to move in an elliptic 
orbit, w’ith a period of about o4 years. Its position in the heavens 
not being favourable, the observations upon it were few, and the 
resulting elements, consequently, not ascertained with all the pre- 
cision that might be desired. Its re-appearance on its approach 
to the succeeding perihelion, was expected from September to 
November, 18dl. It escaped observation, however, owing to its 
unfavourable position in relation to the sun. Its next perihelion 
passage will talve place in 1857. 

34. On the 27th of June, 1851, Dr. d’ Arrest, of the Leipsic 
Observatory, discovered a faint comet, which M. Yillarccaux 
])roved to move in an elliptic orbit, with a period of about 6^ 
years. The next perihelion passage of this comet will take place 
in the end of 1857, or the beginning of 1858. 

35. A revision of the recorded observations of former comets by 
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the more active and intelligent zeal of modem mathematicians and 
computers, has led to the discovery of the great probability of 
•several among them having revolved in elliptic orbits, with periods 
not differing considerably from those of the comets above men- 
tioned. The fact that these comets have not been re-observed on 
their successive returns through perihelion, may be explained, either 
by the difficulty of observing them, owing to their unfavourable 
positions, and the circumstance of observers not expecting their 
re-appearance, their periodic character not being then suspected ; 
or because they may have been thrown by the disturbing action 
of the larger planets into orbits such as to keep tlicm continually 
out of the range of view of terrestrial observers. 

Among those may be mentioned a comet which appeared in 1743, 
and was observed by /anetti at Hologna ; the observations indicate 
an elliptic orbit, with a period of about o ?> jnars. 

36. This comet, which was observed by Messier, at Paris, and 
by LaNux, at the Isle of Bourbon, revolved, according to the cal- 
culations of Burckhardt, in an ellipse with a period of o years. 

37. The history of astronomy has recorded one singular example 
of a comet which appeared in the system, made two revolutions 
iround the sun in an elliptic orbit, and ^then disappeared, never 
having been seen either before or since. 

This comet was discovered by Messier, in June 1770, in the 
-constellation of Sagittarius, between the head and the northern 
-extremity of the bow, and was observed during that month. It 
disappeared in July, being lost in the sun’s rays. After passing 
through its perihelion, it re-appeared about the 4th of August, 
:and continued to be observed until the first days of October, when 
it finally disappeared. 

All the attempts of the astronomers of that day failed to deduce 
the path of this comet from the observations, until six 3 ^ears later, 
in 1776, Lex ell showed that the observations were explained, not, 
as had been assumed lu'eviouslv", by a parabolic path, but bj' an 
ellipse, and one, moreover, without an}' example at that epoch, 
'which indicated the short period of 51 years. 

It was immediate!}" objected to such a solution, that its admis- 
sion would involve the consequence that the comet, with a period 
so short, and a magnitude and splendour such as it exhibited in 
1770, must have been frequently seen on former returns to peri- 
helion ; whereas no record of any such appearance was found. 

To this Lexell replied, by showdng that the elements of its orbit, 
derived from the observations made in 1770, were such, that at 
its previous aphelion, in I1767., the comet must have passed 'within 
a distance of the planet Jupiter fifty-eight times less than its distance 
irom the sun ; and that consequently it must then have sustained 



COMETS. 


an attraction from the great mass of that planet, more than three 
times more energetic than that of the sun ; that consequently it 
'was thrown out of the orbit in which it previously moved, into the 
ellij>tic orbit in which it actuallj' moved in 1770 ; that its orbit 
pi’cn iously to 1767 was, according to all probability, a parabola ; 
and, in fine, that consequently moving in an elliptic orbit from 
1767 to 1770, and ha\ing the periodicity consequent on such 
motion, it nevertheless moved only for the first time in its new 
orbit, and had never come within the sphere of the sun’s attraction 
before this epoch. 

Lexell further stated, that since the comet passed through its 
a])helion, whicli nearly intersected Jupiter's orbit, at intervals 
of somewhat above 5| years, and it encountered the planet near 
that point in 1707, tlic period of the planet being somewhat 
above eleven years, the ] Janet after a single revolution, and the 
comet after two revolutions, must necessarily again encounter 
each other in 1779 ; and, that since the orbit was such that the 
comet must in 1770 pass at a distance from Jupiter 500 times less 
than its distance from the sun, it must suffer from that planet 
an action 250 times greater than the sun’s attraction, and that 
therefore it would in all probability be again thrown into a 
parabolic or hyperbolic path ; and if so, that it would depart for 
over from our system to visit other spheres of attraction. Lexell, 
therefore, anticipated the final disappearance of the comet, which 
a(‘tually took place. 

In the interval between 1770 and 1779, the comet returned 
ouce to perihelion ; but its position was such that it was above the 
liorizon only during the day, and could not in the actual state of 
science be observed. 

38. At this epoch analytical science had not yet supplied a 
detinite solution of the problem of cometary disturbances. At a 
later period the question was resumed by Laplace who, in his 
celebrated work, the “ Mecanique cidestc,” gave the general 
solution of the following problem : — 

“ The actual orbit of a comet being given, what was its orbit 
before, and wbat will be its orbit after being submitted to any 
given disturbing action of a planet near which it passes ? ” 

39. Applying this to the particular case of Lexell’s comet, and 
assuming as data the observations recorded in 1770, Laplace 
showed that, before sustaining the disturbing action of Jupiter in 
1767, the comet must have moved in an ellipse of which the semi- 
axis major was 13*293, and consequently that its period, instead 
of being 5J years, must have been 48J years ; and that the 
eccentricity of the orbit was such that its perihelion distance 
•would be but very little less than the mean distance of Jupiter, 
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and that consequently it could never have been visible. It 
followed also that, after suffering the disturbing action of Jupiter 
in 1779, the comet passed into an elliptic orbit whose semi-axis 
major was 7*3, that its period was consequently twenty years, and 
that its eccentricity was such that its perihelion distance was more 
than twice the distance of Mars, and that in such an orbit it 
could not become visible. 

40. This investigation was afterwards revised by M. Le Vender,* 
which showed that the observations of 1770 were not suffi- 
ciently definite and accurate to justify conclusions so absolute. 
Ho has shown that the orbit of 1770 is subject to an uncer- 
tainty comprised between certain definite limits; that tracing 
the consequences of this to the positions of the comet in 1767 
and 1779, these positions are subject to still wider limits of 
uncertainty. Thus he shows that, compatibly with the obser- 
vations of 1770, the comet might in 1779 pass either consi- 
derably outside, or considerably inside Jupiter’s orbit, or might, 
as it was supposed to have done, have passed actually within the 
orbits of his satellites. He deduces in fine the following general 
conclusions : — 

1 . That if the comet had passed within the orbits of the satellites, 
it must have fallen down upon the planet and coalesced with it ; 
an incident which he thinks highly improbable, though not 
absolutely impossible. 

2. The action of Jupiter may have thrown the comet into a 
parabolic or hyperbolic orbit, in which case it must have 
departed from our system altogether, never to return, except by 
the consequence of some disturbance produced in another sphere 
of attraction. 

3. It may have been thrown into an elliptic orbit, having a 
great axis and long period, and so placed and formed that the 
comet could never become visible; a supposition within which 
comes the solution of Laplace, 

4. It may have had merely its elliptic elements more or less 
modified by the action of the planet, without losing its character 
of short periodicity ; a result which M. Le Yerrier thinks the 
most probable, and which would render it possible that this 
comet may still be identified with some one of the many comets of 
short period, which the activity and sagacity of observers are 
ever^^ year discovering. 

To facilitate such researches, M. Le Verricr has given a Table, 
including all the possible systems of elliptic elements of short 
period which the comet could have assumed, subject to the dis- 

* See M^m. Acad, des Sciences, 1847, 1848. 
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turbing action of Jupiter in 1779, and taking the observations of 
1770 within their possible limits of error. 

He furtlier demonstrates, that the orbit in which the comet 
moved antecedently to the disturbing action of J upiter upon it in 
1767, not only could not have been a parabola or hyperbola, but 
must have been an ellipse, whose major axis was considerably 
less than that which Laplace deduced from the insufficient 
observations of Messier. lie shows that, before that epoch, 
the perihelion distance of the comet could not, under any 
possible supposition, have exceeded three times the earth’s 
mean distance, and most jnobably was included between 1 J and 
2 times that distance; and that the semi-axis major of the 
orbit could not have exceeded 4^ times the earth’s mean distance, 
a magnitude 3 times less than that assigned to it b\'^ the calcula- 
tions of Laplace. 

41. It must not, however, be sui)posed that it is sufficient to 
compare the actual elements of each periodic comet thus dis- 
covered, with the elements given in the table of M. Le Ycrrier, 
and to infer the absence of identity from their discordance. Such 
an inference would only be rendered valid b}" showing, that in 
past ages, the comet in q^uostion had suffered no serious disturbing 
action by which the elements of its orbit could be considerably 
•changed. To decide the question a much more laborious and 
difficult process must he encountered: a process from which the 
untiring spirit of M. Le A'erricr has not shrunk. It is necessary, 
in fine, to the satisfactory and conclusive solution of such a 
problem, that the periodic comet in question should be traced 
back through all its ])revious revolutions up to 1779, that all 
the disturbances which it suffered from the planets which it 
encountered in that interval be calculated and ascertained, and 
that by such means the orbit which it must have had previous to 
such disturbances, in 1779, be determined. Such orbit would 
then be compared wdth the tabic of possible orbits of Lexell’s 
•comet, as given bj^ ^1. Le Vender ; and if it were found to be 
identical with any of them, the identity of the comet in ques- 
tion with that of Lcxell, would be inferred with the highest 
degree of probability ; but if, on the other hand, such discre- 
pancies were found to prevail as must exceed all supposablc 
errors of observation or calculation, the diversity of the comets 
would follow. 

42. M. JjQ A^errier has applied these principles to the comets of 
Faye, De Vico, and Brorsen ; tracing back their histories during 
their unseen motions for three-quarters of a century, and ascer- 
taining the effects of the disturbing actions which they must 
eeverally have sustained from revolution Jo revolution, until he 
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brought them to the epoch of 1779. On comparing the orbits' 
thus determined with those of the table of possible orbits of 
LcxelPs comet, he has shown that none of them can be identical 
with it, however strongly some of the elements of their present 
orbits may raise such a presumption. 

43. The comet of De Alco having presented striking analogies 
with a comet which was observed by Tycho Brahe and Both- 
mann in 1585, and one observed by La Hire in 1678, M. Le 
Verrier has applied like principles to the investigation of these 
questions. 

MM. Laugier and Mauvais observed that the elements of De 
Yico’s comet presented such a resemblance to that of Tycho Brahe, 
as almost to decide the question of their identity. M. Le Verrier 
tracing back the comet of De Vico to 1585, has shown that its 
orbit at that epoch was so different from that of the comet of 
Tycho, as to be incompatible with any plausible inference of their 
identity.* 

He has sho^vn, liowever, by like reasoning, that there is a high 
<legree of probability that the comet of De Vico is identical with 
that observed by La Hire in 1678. 

44. M. Blainplan discovered a comet at Marseilles on the 28th 
November, 1810, which was observed at Milan until 25th 
January, 1820. The observations reduced and calculated by 
Prof. Encke gave an elliptic orbit with a period a little short of 
five years. Clausen conjectures 'that this comet may be identical 
with that of 1743. It lias not been seen since 1820. 

45. A comet was discovered by M. Pons on June 12th, 1819, 
which was observed until July 19th. Prof. Enck6 assigned to it 
an elliptic orbit, with a period of 5i years. 

46. A comet, discovered by Mr.’ Pigott at New York in 1783, 
was shown by Burckhardt to have an elliptic orbit, with a period 
of 5§ years. 

47. On the 26th June, 1846, a comet was discovered at Naples 
by M. Peters, which was subsequent!}' observed at Ptome by De 
Vico, and continued to be seen until 21st July. An elliptic orbit 
is assigned to this comet, wdth a period of from thirteen to sixteen 
years, some uncertainty attending the observations. The re- 
appearance of this comet may be expected in 1859, 1860. 

48. A synoptical Table, showing the elements of the elliptic 
comets above described, may be seen by a reference to my 
“ Hdnd-Book of Astronomy.” 

49. In fig. 2 (page 172), the orbits of these thirteen comets 
brought to a common plane, are represented roughly but in their 

Mem. Acad, des Scieuces, 1847. 

171 



fig. 2. 




179 



ELLIPTIC COMETS. 


proper proportions and relative positions, so as to exhibit to the 
eye their several ellipticities, and the relative directions of their 
axes.* All these bodies, without one exception, revolve in the 
common direction of the planets. 

50. It is not alone, however, in the direction of their motions 
that the orbits of these bodies have an analogy to those of the 
planets. Their inclinations, with one exception, are within the 
limits of those of the planets. Their eccentricities, though incom- 
parably greater than those of the planets, are, as will presently 
appear, incomparably less than those of all other comets yet dis- 
covered. Their mean distances and periods (with the exception 
of the last two in the Table just referred to) are within the limits 
of those of the planetoids. 

The comparison of the numbers given in this Table with those 
in the Tables of the elements of other elliptic comets, and the 
comparison of the diagrams of their orbits with those of others, 
will show in a striking manner, to how great an extent the orbits 
of this group of comets possess the planetary character. Besides 
moving round the sun in the common direction, their inclinations, 
with a single exception, are within the limits of those of the 
planets. It is true that their eccentricities have an order of 
magnitude much greater ; but on the other hand, it will be seen 
presently that they are incomparably less than the eccentricities 
of all other periodic comets yet discovered. Their mean distances 
and periods place them in direct analogy with the planetoids. 

Moderate as are the eccentricities as compared with those of other 
comets, they are sufficiently great to impart a decided oval form 
to the orbits, and to produce considerable differences between the 
perihelion and aphelion distances, as will be apparent by inspecting 
the Table. It appears that while the perihelion of Encke’s comet 
lies within the orbit of Mercury, its aphelion lies outside the orbit 
of the most remote of the planetoids, and not far within that of 
Jupiter. The perihelion of Biela’s comet, in like manner, lies 
between the orbits of the earth and Venus, while its aphelion 
lies outside that of Jupiter. In the case of Faye’s comet, the 
least eccentric of the group, the perihelion lies near the orbit of 
Mars, and the aphelion outside that of J upiter. 

It must be remembered that the elliptic form of these orbits 
has only been verified by observations on the successive returns 
to perihelion of the first five comets in the Table. The elliptic 
elements of the others may, so far as is at present knoAvn, have 
been effaced by disturbing causes. 

* In the diagram, to prevent confusion, the orbits of the different comets 
are indicated by dotted or broken lines of different kinds. 
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The angular motions at the mean and extreme distances from 
the sun have been computed by the formulte 

1,296000 (f- 

" =30j~25x'P’ “Xrf'j’ « — 

In which a represents the mean angular A^elooity, a! the greatest^ 
and rt", the least ; cV tlio perihelion, and d" the aphelion distances. 
P is the periodic time of the comet, and n the mean distance. 
The same numbers winch cxin*css these angular motions, also 
express in all cases the intensities of solar light and heat in the 
several positions of the comet ; and also the apparent motion ol" 
the sun, as seen fiwn th(i comet ; and a comparison of these ’svitli 
the corresponding numbers related to any of tlie planets, will 
illustrate in a striking manner how dilterent are the physical 
conditions by which these two classes of bodies are affected ; and 
this will be more and more striking, wlicn the other groups of 
comets have been noticed. 

Taking the comet of Enek6 as an example, it appears that 
while its mean daily motion is 1()7()" or 18', its motion in aphe- 
lion is only 5', and in perihelion nearly PP. Its motion in 
perihelion, the light and heat it receives from the sun, and 
the apparent motion of tlu* sun as seen from it, are therefore 
severally more than 150 times greater in perihelion than in 
aphelion. 


III. — Er.Lirnc c():mets, wiiosk :s\k.\s distances ade XEAiav 
EfiCAE TO THAT Ol- mANl’S, 

51. It might be expected, that comets moving in elliptic orbits 
of small dimensions, and consequently having short periods, would 
liavc been the first in which the charactiT of periodicity would be 
discovered. Tlic eoinparati\'c frequency of their returns to those 
positions near perihelion, where alone bodies of this class are 
A’isible from the earth, and the consequent x>ossibility of verifying 
the fact of periodicity , by ascertaining the equality of the intervals 
between their successive returns to the same heliocentric position, 
to say nothing of the more distinctly elliptic form of the arcs of 
their orbits in which they can be immediate!}^ observed, would 
afford strong ground for such an expectation ; nevertheless in this 
case, as has happened in so many others in the progress of phy- 
sical knowledge, the actual results of observation and research 
have been directly contrary to such an anticipation ; the most 
remarkable case of a comet of large orbit, long period, and 
rare returns, being the first, and those of small orbits, short 
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l^eriods, and frequent returns, tlie last whose periodicity has been 
discovered. 

52. It is evident that the idea of the possible existence of 
comets with periods shorter than those of the more remote planets, 
and orbits circumscribed within the limits of the solar systc'm, 
never occurred to the mind either of ^^ewton or any of his con- 
temporaries or immediate successors. 

In the third book of his piunciiua, he calls comets a species of 
planets, revolving iu elliptic orbits of a very oval form. But he 
continues, “ I leave to be determined by others the transverse 
diameters and periods, by comparing comets which return after 
hmff intervals of time to tlic same orbits.” 

It is interesting to observe the avidity with which minds of a 
certain order snatch at such generalisations, even when but slen- 
derly founded upon facts. Tliese conjectures of Xewton were soon 
after adopted by Voltaire : “ 11 y a quelque apparence,” says he, 
in an essay on comets, qii’on connaitra un jour un certain 
nonibre de ces autres planetes qui sous Ic nom de cometes tournent 
comrae nous autour du soleil, mais il ne faut pas esperer qu’oii le& 
connaissent toutes.” 

And ngain, elsewhere, on the same subject: — 

“ Cuinc'tes, (|iic Ton cniint ii re.ufil dii loniien i.', 

Cessoz (l‘e])oiivaiiter les ])eui)k‘^ tie la terre : 

Dans une ellipse iinnien.so ael»evez votre eoin.s, 

Kemontez, desceiulcz pro.s de I’astre des jcnr.s.’' 

513. Extraordinary as these conjectures must have appeared at 
the, time, they were soon strictly realised. Halley undertook 
the labour of examining the circumstances attending all the 
comets previously recorded, witli a view to discover whetlier 
any, and which of them, appeared to follow tlio same path. 
He found that a comet wdiich had been observed by himself, 
by !Xewton, and their contemporaries in followed a i)ath 

while visible, wliich eoimdded so nearly witli tliosc of comets 
which had been observed in 1007, and in lo,‘31, as to render it 
extremely probable, that these objects were the same identical 
comet, revolving in an elliptic orbit of such dimensions, as to 
cause its return to perihelion at intervals of 75 — 7d years. 

The comet of 1082 had been 'well observed by La Hire, Picard, 
JTcvelius, and Elamstcad, whose observations supplied all tlie 
data necessary to calculate its path while visible. That of 1607 
had been observed by Xepler and Longomontanus ; and that of 
1031, by Pierre Apian at Ingolstadt, the observations in both 
cases being also sufficient for the determination of the ])ath of the 
body, with all the accuraev necessary for its identilication. 
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64. Of the identity of the paths while visible on each of these 
aig^^fttinces Halley entertained no doubt, and announced to the 
wSid the discovery of the elliptic motion of comets, as the result 
of eombined observation and calculation, and entitled to as much 
conddenoe as any other consequence of an established physical 
law ; and predicted the re-appearance of this body, on its suc- 
voeeding return to perihelion in 1758-9. He observed, however, 
that as in the interval between 1607 and 1682 the comet passed 
near Jupiter, its velocity must have been augmented, and conse- 
quently its period shortened by the action of that planet. This 
period, therefore, having been only seventy-five years, he inferred 
that the following period would probably be seventy-six years or 
upwards ; and consequently that the comet ought not to be expected 
to appear until the end of 1758, or the beginning of 1759. It is 
impossible to imagine any quality of mind more enviable than that 
which, in the existing state of mathematical physics, could have 
led to such a prediction. The imperfect state of science ren- 
dered it impossible for Halley to ofier to the world a demonstra- 
tion of the event which he foretold. “ He therefore,” says M. de 
Pontecoulant, ‘‘ could only announce these felicitous conceptions of 
a sagacious mind as mere intuitive perceptions, which must be 
received as uncertain by the world, however he might have felt 
them himself, until they could be verified by the process of a 
rigorous analysis.” 

Subsequent researches gave increased force to Halley’s predic- 
tion ; for it appeared from the ancient records of observers, that 
comets had been seen in 145G and 1378, whose elements were 
identical with those of the comet of 16S2. 
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CHAPTER III. 

Ilalley’s prediction (continued). — 55. Grreat advance of mathematicai 
and physical sciences between 1682 and 1759. — 56. Exact path of 
the comet on its return, and time of its perihelion, calculated and 
predicted by Clairaut and Lalaude. — 57. Remarkable anticipation 
of the discovery of Uranus. — 58. Prediction of Halley and Clairaut 
fulfilled by reappearance of the comet in 1758-9. — 59. Disturbing 
action of a planet on a comet explained. — 60. Effect of the i)erturbing 
action of Jupiter and Saturn on Halley’s comet between 1082 and 
1758. — 61. Calculations of its return in 1835-36. — 62. Predictions 
fulfilled. — 63. Elements of the orbit of Halley’s comet. — 64. Pons’s 
comet of 1812. — 65. Olbers’s comet of 1815. • — 66. De Vico’s comet 
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Nucleus. — 78. Coma. — 79. Origin of the name. — 80, Magnitude of 
the head. — 81. Magnitude of the nucleus. — 82. The tail. — 83. Mass, 
density, and volume of comets. 

The appearance of the comet in 1456, was described by con- 
temporary authorities to have been an object of ‘‘unheard-of 
magnitude ; it was accompanied by a tail of extraordinary length, 
which extended over sixty degrees (a third of the heavens), and 
continued to be seen during the whole of the month of J une. The 
influence which was attributed to this appearance, renders it pro- 
bable that in the record there exists more or less of exaggeration. 
It was considered as the celestial indication of the rapid success of 
Mohammed II., who had taken Constantinople, and struck terror 
into the whole Christian world. Pope Calixtus II. levelled the 
thunders of the Church against the enemies of his faith, terres- 
trial and celestial, and in the same bull exorcised the Turks and 
the comet ; and in order that the memory of this manifestation of 
his power should be for ever preserved, he ordained that the hells 
of all the churches should be rung at midday — a custom which is 
preserved in those countries to our times. It must be admitted 
that, notwithstanding the terrors of the Church, the comet pur- 
sued its course with as much ease and security, as those with which 
Mohammed converted the church of St. Sophia into his principal 
mosque. 

The extraordinary length and brilliancy which was ascribed to 
the tail upon this occasion, have led astronomers to investigate 
the circumstances under which its brightness and magnitude would 
be the greatest possible ; and, upon tracing back the motion of 
the comet to the year 1456, it has been found that it was then 
actually under the circumstances of position with respect to the 
earth and sun most favourable to magnitude and splendour. So 
far, therefore, the results of astronomical calculation corroborate 
the records of history. 

55. In the interval of three-quarters of a century which elapsed 
between the announcement of Halley’s prediction and the date of 
its expected fulfilment, great advances were made in mathematical 
science ; new and improved methods of investigation and calcu- 
lation were invented ; and, the theory of gravitation was pur- 
sued with extraordinary activity and success through its conse- 
quences in the mutual disturbances produced upon the motions 
of the planets and satellites, by the attraction of their masses one 
upon another. As the epoch of the expected return of the comet 
to its perihelion approached therefore, the scientific world resolved 
to divest, as far as possible, the prediction, of that vagueness 
which necessarily attended it owing to the imperfect state of 
science at the time it was made, and to calculate the exact effects 
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of those planets whose masses were sufficiently great, in accele- 
rating or retarding its motion while passing near them. 

o6. This inquiry, which presented great mathematical diffi- 
culties and involved enormous arithmetical labour, was undertaken 
by Clairaut and Lalande : the former, a mathematician and 
natural philosopher, who had already applied with great success 
the principles of gravitation to the motions of the moon, undertook 
the purely analytical part of the investigation, which consisted 
in establishing certain general algebraical formulae, by which the 
disturbing actions exerted by the planets on the comet were 
expressed ; and Lalande, an eminent practical astronomer, under- 
took the labour of the arithmetical computations, in which he 
was assisted by a lady, Madame Lepaute, whose name has thus 
become celebrated in the annals of science. 

When it is considered that the period of Halley’s comet is about 
seventy-five years, and that for two successive periods, it was 
necessary to calculate every portion of its course separately in 
this way, some notion may be formed of the labour encountered 
by Lalande and Madame Lepaute. “ During six months,” says 
Lalande, ‘‘ we calculated from morning till night, sometimes 
even at meals ; the consequence of which was, that I contracted 
an illness which changed my constitution for the remainder 
of my life. The assistance rendered by Madame Lepaute was 
such, that without her we never could have dared to undertake 
this enormous labour, in which it was necessary to calculate the 
distance of each of the two planets, Jupiter and Saturn, from 
the comet, and their attraction upon that body, separately, for 
every successive degree, and for 150 years.” 

The name of Madame Lepaute does not appear in Clairaut’s 
memoir; a suppression which Lalande attributes to the influence 
exercised by another lady to whom Clairaut was attached. 
Lalande, however, quotes letters of Clairaut, in which he speaks 
in terms of high admiration of “ la savante calculatrice.” The 
labours of this lady in the work of calculation (for she also 
assisted Lalande in constructing his ‘‘ Ephemerides ”) at length 
so weakened her sight that she was compelled to desist. She 
died in 1788, while attending on her husband, who had become 
insane. See the article on comets, by Prof, de Morgan, in the 

Companion to the British Almanac” for the year 1833. 

These elaborate calculations being completed, Clairaut presented 
the result of their joint labours, in a memoir to the Academy of 
Sciences of Paris, in which he predicted the next arrival of the 
comet at perihelion, on the 18th of April, 1759 ; a date, however, 
which, before the re-appearance of the comet, he found reason to 
change to the 11th of April; and assigned the path which the 
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comet would follow while visible as determined by the following 
data : — 

Longitude Ivongitnde of Perihelion 
Inclination. of node. jierihelion. distance. Direction. 

17° 37' 53® 50' 303” 10' 0*58 retrograde. 


57 . In announcing his prediction Clairaut stated, that the 
time assigned for the approaching perihelion might vary from the 
actual time to the extent of a month ; for that independently of 
any error either in the methods or process of calculation, the 
event might deviate more or less from its predicted occurrence, 
by reason of the attraction of an undiscovered •planet of our 
system revolving beyond the orbit of Saturn, In twenty- two 
years after this time this conjecture was realised, by the dis- 
covery of the planet Uranus, by the late Sir William Herschel, 
revolving round the sun one thousand millions of miles beyond 
the orbit of Saturn ! 

58 . The comet, in fine, appeared in December 1758 , and followed 
the path predicted by Clairaut, which dilfered but little from that 
which it had pursued on former appearances. It passed through 
perihelion on the 13 th of March, within twenty -two days of 
time, and within the limit of the possible errors assigned by 
Clairaut. 

59 . The general effects of a planet in accelerating or retarding 
the motion of a comet are easily explained, although the exact 
details of the disturbances are too complicated to admit of any 
exposition here. 

Let r, fig. 3 , represent the place of the disturbing planet, and 
C that of the comet. The attraction of the planet on the comet 
will then be a force directed from c 


towards p, and by the principle of the 
^ composition of forces is equivalent to 
I / two components, one c rn in the direc- 
tion of the comet’s path, and the other 
/ ^ c n perpendicular to that path. If the 
motion of the comet be directed from c 
towards m, it will be accelerated ; and 
P if it be directed from c towards m', it 

will be retarded by that component of 
the planet’s attraction which. is directed from c to m. The other 
component c n being at right angles to the comet’s motion, will 
have no direct effect either in accelerating or retarding it. 

It appears, therefore, in general that, if the direction of the 
comet’s motion c m make an acute angle with the line c p drawn 
to the planet, the planet’s attraction will accelerate it ; and if 
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its direction c mf make an obtuse angle 'with the line c p, it will 
retard it. 

This being 'understood, the disturbing action of a planet such 
as Jupiter or Saturn on a comet such as Halley^ s may be easily 
comprehended. In fig. 4, the orbit of the comet is represented at 
A c p c” in its proper proportions, 

A r being the major axis, r the place 
of perihelion, A that of aphelion, 
and s that of the focus in which the 
sun is placed. The small circle de- 
scribed round s represents in its 
proper proportions the orbit of the 
earth, whose distance is about twice 
that of the comet when the latter is 
at perihelion. The circle p p' p" re- 
presents in its proper proportions 
the orbit of Jupiter which, for illus- 
tration, we shall consider as the 
disturbing planet. 

It will be apparent on the mere 
inspection of the diagram, that lines 
drawn from the planet whatever be 
its place, to any point whatever of 
the comet’s path between its aphe- 
lion A, and the point w' where it 
arrives at the orbit of the planet 
in approaching the sun, will make 
acute angles with the direction of 
the comet’s motion ; and that, con- 
sequently, the comet will be accele- 
rated by the action of the planet. 

In like manner, it is apparent that 
lines drawn from the planet what- 
ever be its place, to any point 

whatever of the comet’s path between m and aphelion a, will 
make obtuse angles with the direction of the comet’s motion ; and, 
consequently, the comet will be retarded by the action of the 
planet, in departing from the sun, from m to A. 

In that part of the comet’s path which lies within the planet’s 
orbit, the action of the planet alternately accelerates and retards 
it, according to their relative position. If the ])lanet be at p^ 
suppose p 0 drawn so as to be at right angles to the path of the 
comet. Between and o the action of the planet at p will 
accelerate the comet, and after the comet passes o it will retard 
it. In like manner if the planet be at it will first retard 
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the motion of the comet proceeding from m' through i* towards a, 
and will continue to do so until the line of direction becomes 
perpendicular to that of the comet’s motion, after which it will 
accelerate it. 

It appears, therefore, that during the period of the comet, 
the disturbing action of the planet is subject to several changes 
of direction, owing partly to the change of position of the comet 
and partly to that of the planet ; and the total effect of the dis- 
turbing action of the planet on the comet’s period is found by 
taking the difference between the total amount of all the accele- 
rating and all the retarding actions. 

In the case of the planet Jupiter and Halley’s comet, the 
former makes nearly seven complete revolutions in a single period 
of the comet ; and consequently its disturbing action is not only 
subject to several changes of direction, but also to continual vari- 
ation of intensity, owing to its change of distance from the comet. 

Small as the arc m' v m oi the comet’s path is which is included 
within the orbit of Jupiter, the fraction of the period in which 
this arc is traversed by the comet is much smaller, as will be 
apparent by considering the application of the principle of equable 
areas * to this case. The time taken by the comet to" move over 
the arc m' r in is in the same proportion to its entire period, as the 
area included between the arc in' r m and the lines m' s and m s 
is to the entire area of the ellipse A r. 

To simplify the explanation the orbit of the comet has here 
been supposed to be in the plane of that of the disturbing planet. 
If it be not, the disturbing action will have another component 
at right angles to the plane of the comet’s orbit, the effect of 
which will be a tendency to vary the inclination. 

60. The result of the investigation by Clairaut showed, that the 
total effect of the disturbing action of Jupiter and Saturn on 
Halley’s comet between its perihelions in 1682 and in 1759, was 
to increase its period by 618 days as compared with the time of 
its preceding revolution, of which increase, 100 days were due to 
the action of Saturn, and 518 to that of Jupiter. 

Clairaut did not take into account the disturbing action of the 
earth, which was not altogether inconsiderable, and could not 
allow for those of the undiscovered planets, Uranus and Neptune. 
The effects of the action of the other planets. Mars, Venus, Mer- 
cury, and the planetoids, are in these cases insignilicant, 

61. In the interval of three quarters of a century which pre- 
ceded the next re-appearance of this comet, science continued to 
progress, and instruments of observation and principles and 

* See “Handbook of Astronomy,” chap. xii. § 2599. 
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methods of investigation were still further improved ; and, above 
all, the number of observers was greatly augmented. Before the 
epoch of its return in 1835, its motions, and the effects produced 
upon them by the disturbing action of the several planets, were 
computed by MM. Damoiseau, Pontecoulant, Rosenberger, and 
Lehmann, who severally predicted its arrival at perihelion : — 

Damoiseau . . . 4tli Nov. 1835. 

Pontecoulant . . . 7th ,, 

Rosenberger . . . 11th ,, 

Lehmann . . . . 2()th ,, 

62. These predictions were all published before July, 1835. 
The comet was seen at Rome on the 5th August, in a position 
within one degree of the place assigned to it for that day, in the 
ephemeris of M. Rosenberger. On the 20th August, it became 
visible to all observers, and pursued the course with very little 
deviation, which had been assigned to it in the ephemerides, 
arriving at its perihelion on the 16th Nov., being very nearly a 
mean between the four epochs assigned in the predictions. 

After this, passing south of the equator, it was not visible in 
northern latitudes, but continued to be seen in the southern 
hemisphere until the 5th of May, 1836, when it finally disappeared, 
not again to return until the year 1911. 

63. A synoptical Table of the elements of the orbit of this 
comet, deduced from the observations made on each of its seven 
successive returns to perihelion, between 1378 and 1835 in- 
clusive, may be seen by a reference to the ‘‘ Hand-Book of 
Astronomy.’^ 

It appears that the mean distance of this comet is about 
eighteen times that of the earth, and that it is consequently at a 
little less than the mean distance of Uranus. When in peri- 
helion, its distance from the sun is about half the earth’s 
distance, while its distance in aphelion is above thirty-five times 
the earth’s distance, and therefore seventy times its perihelion 
distance. 

64. On the 20tli of July, 1812, a comet was discovered by 
M. Pons, whose orbit was calculated by Professor Encke, and was 
found to be an ellipse of such dimensions as to give a period of 
75 J years, equal to that of Halley’s comet. 

65. On the 6th of March, 1815, Dr. Gibers discovered at 
Bremen, a comet whose orbit, calculated by Professor Bessel, 
proved to be an ellipse, with a period of 74 years. The next 
perihelion passage of this comet is predicted for the 0th of 
February, 1887. 
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66. On the 28th of February, 1846, M. de Vico discovered a 
eomet at Eome, whose orbit, calculated by MM. van Deinse 
and Pierce, appears to be an ellipse, with a period of 72-73 
years. 

67. A comet was discovered by M. Brorsen at Altona, on the 
20th of July, 1847 ; the orbit of which, ealculated by M. d’ Arrest, 
appears to be an ellipse, with a period of 75 years. 

68. On the 27th of June, 1852, a comet was discovered by 
M. Westphal at Gottingen, and was soon afterwards observed by 
M. Peters at Constantinoj)le. The calculation of its orbit proves 
it to be an ellipse, with a period of about 70 years. 

69. A synoptical Table, presenting the data necessary to deter- 
mine the motions of these six comets, may be seen by a reference 
to the ‘‘Hand-Book of Astronomy.” 

70. In fig. 5 (p. 145), is presented a plan of the orbits, brought 
upon a common plane, and drawn according to the scale indicated. 
This figure shows, in a manner sufficiently exact for the purposes 
of illustration, the relative magnitudes and the forms of the six 
orbits, as well as the directions of their several axes with relation 
to that of the first point of Aries. 

71. By comparing the elements given in the table referred to 
above, and the forms and magnitudes of the orbits shown in the 
diagram, with those of the first group of elliptic comets given in 
Table III, “ Hand-Book of Astronomy,” chap. XVIII, and drawn 
in fig. 2 (p. 172), it will be perceived that the planetary charac- 
teristics noticed in the latter group, are nearly effaced. Five of 
the six comets composing the second group, revolve in the common 
direction of the planets, and this is the only planetary character 
observable among them. The inclinations, no longer limited to 
those of the planetary orbits, range from 18"^ to 74^. The eccen- 
tricities are all so extreme, that the arc of the orbit near perihelion 
approximates closely to the parabolic form, and the most remark- 
able body of the group, the comet of Halley, revolves in a direction 
contrary to the common motion of the planets. 

But it is more than all in the elongated oval form of their 
orbits, that this group of comets differs, not only from the planets, 
but from the first group. While their perihelia are at distances 
from the sun, between those of Mars and Mercury, their aphelia 
are from two to five hundred millions of miles outside the orbit 
of Neptune. Thus, the comet of Halley, for example, in perihe- 
lion, is at a distance from the sun less than that of Venus ; but 
at its aphelion, its distance exceeds that of Neptune by a space 
greater than Jupiter’s distance from the sun. The mean angular 
motion of this comet is nearly the same as that of Uranus ; but 
its angular motion in perihelion is three times that of Mercury ; 
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while its angular motion in aphelion is little more than haK that 
of Neptune. 

The corresponding variations of solar light and heat, and of the 
apparent magnitude and motion of the sun as seen from the comet, 
may be easily inferred. 


IV. — ELLIPTIC COMETS WHOSE MEAN DISTANCES EXCEED THE 
LIMITS OP THE SOLAR SYSTEM. 

72. Although the periodicity of this class of comets has not yet 
in any instance been certainly established by observations made 
upon their successive returns to perihelion, the observations made 
upon them during a single perihelion passage indicate an arc of 
their orbit, which exhibits the elliptic form so unequivocally, as 
to supply computers and mathematicians with the data necessary 
to obtain, with more or less approximation, the value of the eccen- 
tricity, which, combined with the perihelion distance, gives the 
form and magnitude of the comet’s orbit. 

By calculations conducted in this manner, and applied to the 
observations made on various comets which have appeared since 
the latter part of the seventeenth century, the elliptic orbits of 
twenty-one of these bodies have been computed, and are given in 
the order of the dates of their perihelion passages in a table which 
will be found in my Hand-Book of Astronomy.” 

Of this group the least eccentric is No. 15, which passed its 
perihelion in 1840. This comet was discovered at Berlin by M. 
Bremiker, and its orbit was calculated by Geitze, and proved to 
be an ellipse, having the elements given in the table, subject to 
no greater uncertainty than ^^,th of the value assigned to the mean 
distance. The eccentricity, and consequently the form of the 
orbit, is similar to that of Halley, but the major axis is 2| times, 
and the period nearly five times greater. Its perihelion distance 
is equal to that of Mars, and its aphelion distance more than three 
times that of Neptune. 

No. 6, which passed its perihelion in 1793, has an orbit, accord- 
ing to the calculations of I)’ Arrest, nearly similar both in form and 
magnitude, as will be seen by comparing the numbers given in 
the table. More uncertainty, however, attends the estimation of 
these elements. 

The comets which approached nearest to the sun were the great 
comets of 1680 and 1843, Nos. 1 and 16 in the table, both memor- 
able for their extraordinary magnitude and splendour. 

The elements of that of 1680, given in the table, are those 
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which have resulted from* the calculations of Professor Encke, 
based on all the observations of the comet which have been re- 
corded. The elements of the great comet of 1843 have resulted 
from the computations of Mr. Hubbard. Both are subject to 
considerable uncertainty, and must be accepted only as the best 
approximations that can^be obtained. 

What is not subject, however, to the same uncertainty, is the 
extraordinary proximity of these bodies to the 
Fig. G. sun at their respective perihelia. The peri- 

^ helion distance of the comet of 1680 was about 

576000 miles, and that of 1843, 538000 miles. 
Now the semidiameter of the sun being 441000 
; 1 miles, it follows that the distance of the centres 

1 of those comets respectively from the surface 

1 of the sun at perihelion must have been only 

235000 and 97000 ; so that if the semi- 
; ; diameter of the nebulous envelope of either of 

I i them exceeded this distance, they must have 

! 1 actually grazed the sun. 

I The velocity of the orbital motion of these 

1 ! bodies in perihelion appears by the table to be 

^^1 such, that the comet of 1680 would have re- 

I ; volved round the sun in a minute, and that of 

I 1 843 in a little less than two minutes, if they re- 

I tained the same angular motion undiminished, 

i ; The distance to which the comet of 1680 

recedes in its aphelion is 28| times greater than 
; ' that of Neptune. The apparent diameter of the 

, sun seen from that distance would be 2", and 

the intensity of its light and heat would be 
; 730000 times less than at the earth; while 

/ their intensity at the perihelion distance would 

^ ' ' be 26000 times greater, so that the light and 

heat received by the comet in its aphelion 
would be 26000 x 730000=: 18980 million times 
less than in perihelion. 

The greatest aphelion distances in the table 
are those of Nos. 5, 13, and 17, the comets of 1780, 1830, and 1844, 
amounting to from 100 to 140 times the distance of Neptune ; the 
eccentricities differing from unity by less than These orbits, 
though strictly the results of calculation, must be regarded as 
subject to considerable uncertainty. 

73. To convey an idea of the form of the orbits of the comets 
of this group, and of the proportion which their magnitude 
bears to the dimensions of the solar system, we have drawn in 
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fig. 6, an ellipse, which may be considered as representing the 
form of the orbits of the comets Nos. 16, 6, 9, 12, and 1, of 
Table VI in the “ Handbook of Astronomy.” 

If the ellipse represent the orbit of the comet No. 15, the circle 
a will represent on the same scale the orbit of Neptune. 

If the ellipse represent the orbit of the comet No. 6, the circle b 
will represent the orbit of Neptune. 

If the ellipse represent the orbit of No. 9, the circle c will 
represent the orbit of Neptune. 

If the ellipse represent the orbit of No. 12, the circle d will 
represent the orbit of Neptune. 

If the ellipse represent the orbit of No. 1, the circle e will 
represent the orbit of Neptune. 


Y. — llYPEKBOLig COMETS. 

74. In a Table in the Hand-Book of Astronomy” are given 
the elements of seven comets which appear by the results of cal- 
culations made upon the observations to have passed through the 
system in hyperbolic orbits. 


VI. — PARABOLIC COMETS. 

75. Of all the remaining number of comets which have been 
seen in the heavens and recorded in history, one hundred and 
sixty-one have been observed with sufficient precision to enable 
astronomers to determine, with more or less approximation, their 
j)arabolic orbits. A table giving the elements of these, with the 
dates of their appearance, will be found in the eighteenth chapter 
of the “ Handbook of Astronomy.” 


VII. — PHYSICAL CONSTITUTION OE COMETS. 

76. Comets in general, and more especially those which arc 
visible without a telescope, present the appearance of a roundish 
mass of illuminated vapour or nebulous matter, to which is often, 
though not always, attached a train more or less extensive, com- 
posed of matter having a like appearance. The former is called 
the HEAD, and the latter the tail, of the comet. 

77. The illumination of the head is not generally uniform. 
Sometimes a bright central spot is seen in the nebulous matter 
which forms it. This is called the nucleus. 

The nucleus sometimes appears as a bright stellar point, and 
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sometimed presents the appearance of a planetary disc seen 
through a nebulous haze. In general, however, on exa mining 
the object with high optical power, these appearances are changed, 
and the object seems to be a mere mass of illuminated vapour 
from its borders to its centre. 

78. When a nucleus is apparent, or supposed to be so, the 
nebulous haze which surrounds it and forms the exterior part of 
the head is called the coma. 

79. These designations are taken from the Greek word 
(kome) hair, the nebulous matter composing the coma and tail 
being supposed to resemble hair, and the object being therefore 
called KofiiiTTis (kometes), a hairy star. 

80. As the brightness of the coma gradually fades away towards 
the edges, it is impossible to determine with any great degree of 
precision its real dimensions. These, however, are obviously 
subject to enormous variation, not only in different comets com- 
pared one with another, but even in the same comet during the 
interval of a single perihelion passage. The greatest of those 
which have been submitted to micrometrical measurement was 
the great comet of 1811, the diameter of the head of which was 
found to be not less than IJ millions of miles, which would give 
a volume greater than that of the sun in the ratio of about 2 to 1. 
The diameter of the head of Halley’s comet when departing from 
the sun, in 1836, at one time measured 357000 miles, giving a 
volume more than sixty times that of Jupiter. These are, how- 
ever, the greatest dimensions which have been observed in this 
class of objects, the diameter rarely exceeding 200000 miles, and 
being generally less than 100000. 

81. Attempts have been made where nuclei were perceivable, 
to estimate their magnitude, and diameters have been assigned to 
them, varying from 100 to 5000 miles. For the reasons, how- 
ever, already explained, these results must be regarded as very 
doubtful. 

Those who deny the existence of solid matter within the coma, 
maintain that even the most brilliant and conspicuous of those 
bodies, and those which have presented the strongest resemblance 
to planets, are more or less transparent. It might be supposed 
that a fact so simple as this, in this age of astronomical activity, 
could not remain doubtful ; but it must be considered, that the 
combination of circumstances which alone would test such a ques- 
tion, is of rare occurrence. It would be necessary that the centre 
of the head of the comet, although very small, should pass 
critically over a star, in order to ascertain whether such star is 
visible through it. With comets having extensive comsc without 
nuclei, this has sometimes occurred ; but we have not had such 
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satisfaotorj examples in the more rare instances of those which 
haye distinct nuclei. 

In the absence of a more decisive test of the oocultation of a 
star by the nucleus, it has been maintained that the existence of 
a solid nucleus may be fairly inferred from the great splendour 
which has attended the appearance of some comets. A mere mass 
of vapour could not, it is contended, reflect such brilliant light. 
The following are the examples adduced by Arago : — 

“ In the year 43 before Christ, a comet appeared which was 
said to be visible to the naked eye by daylight. It was the comet 
which the Romans considered to be the soul of Csesar transferred 
to the heavens after his assassination. 

“ In the year 1402 two remarkable comets were recorded. The 
first was so brilliant that the light of the sun at noon, at the end 
of March, did not prevent its nucleus, or even its tail, from being 
seen. The second appeared in the month of June, and was visible 
also for a considerable time before sunset. 

“In the year 1532, the people of Milan were alarmed by the 
appearance of a star which was visible in the broad daylight. At 
that time Venus was not in a position to be visible, and conse- 
quently it is inferred that this star must have been a comet. 

“The comet of 1577 was discovered on the 13th of November 
by Tycho Brahe, from his observatory on the isle of Huene, in the 
Sound, before sunset. 

“ On the 1st of February, 1744, Chizeaux observed a comet 
more brilliant than the brightest star in the heavens, which soon 
became equal in splendour to Jupiter, and in the beginning of 
March it was visible in the presence of the sun. By selecting a 
proper position for observation, on the 1st of March it was seen at 
one o’clock in the afternoon without a telescope.” 

Such is the amount of evidence which observation has supplied 
respecting the existence of a solid nucleus. The most that can 
be said of it is, that it presents a plausible argument, giving some 
probability, but no positive certainty, that comets have visited 
our system which have solid nuclei, but, meanwhile, this can 
only be maintained with respect to a few : most of those which 
have been seen, and all to which very accurate observations have 
been directed, have aftbrded evidence of being mere masses of 
semi-transparent matter. 

82. Although by far the great majority of comets are not 
attended by tails, yet that appendage, in the popular mind, is 
more inseparable from the idea of a comet than any other attribute 
of these bodies. This proceeds from its singular and striking 
appearance, and from the fact that most comets visible to the 
naked eye have had tails. In the year 1531, on the occasion of 
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one of the visits of Halley’s comet to the solar system, Pierre 
Apian observed that the comet generally presented its tail in the 
direction opposite to that of the sun. This principle was hastily 
generalised, and is even at present too generally adopted. It is 
true that in most cases the tail extends itself from that part of the 
oomet which is most remote from the sun ; but its direction rarely 
corresponds with the direction which the shadow of the comet 
would take. Sometimes it has happened that the tail forms with 
a line drawn to the sun a considerable angle, and cases have 
occurred when it was actually at right angles to it. 

Another character which has been observed to attach to the 
tails of comets, which, however, is not invariable, is, that they 
incline constantly toward the region last quitted by the comet, as 
if in its progress through space it were subject to the action of 
some resisting medium, so that the nebulous matter with which 
it is invested, suffering more resistance than the solid nucleus, 
remains behind it and forms the tail. 

The tail sometimes appears to have a curved form. That of 
the comet of 1744 formed almost a quadrant. It is supposed that 
the convexity of the curve, if it exists, is turned in the direction 
from which the comet moves. It is proper to state, however, that 
these circumstances regarding the t^ have not been clearly and 
satisfactorily ascertained. 

The tails of comets are not of uniform breadth or diameter ; 
they appear to diverge from the comet, enlarging in breadth and 
diminishing in brightness as their distance from the comet 
increases. The middle of the tail usually presents a dark stripe, 
which divides it longitudinally into two distinct parts. It was 
long supposed that this dark stripe was the shadow of the body 
of the comet, and this explanation might be accepted if the tail 
was always turned from the sun; but we find the dark stripe 
equally exists when the tail, being turned sideways, is exposed to 
the effect of the sun’s light. 

This appearance is usually explained by the supposition that 
the tail is a hollow, conical shell of vapour, the external surface 
of which possesses a certain thickness. When we view it, we 
look through a considerable thickness of vapour at the edges, and 
through a comparatively small quantity at the middle. Thus 
upon the supposition of a hollow cone, the greatest brightness 
would appear at the sides, and the existence of a dark space in 
the middle would be perfectly accounted for. 

The tails of comets are not always single ; some have appeared 
at different times with several separate tails. The comet of 
1744, which appeared on the 7th or 8th of March, had six tails, 
each about 4® in breadth, and from 30® to 44® in length. Their 
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sides were well defined and tolerably bright, and the spaces 
between them were as dark as the other parts of the heavens. 

The tails of comets have frequently appeared, not only of 
immense real length, but extending over considerable spaces of 
the heavens. It will be easily understood that the apparent 
length depends conjointly upon the real length of the tail, and 
the position in which it is presented to the eye. If the line of 
vision be at right angles to it, its length will appear as great as 
it can do at its existing distance ; if it be oblique to the eye, it 
will be foreshortened, more or less, according to the angle of 
obliquity. The real length of the tail is easily calculated when 
the apparent length is observed and the angle of obliquity 
known. 

In respect of magnitude, the tails are unquestionably the most 
stupendous objects which the discoveries of the astronomer have 
ever presented to human contemplation. 

The following are the results of the observation and measure- 
ment of a few of the more remarkable. 


Table. 

No. 1 

Date of 
Appearance. 

Greatest observed 
Leiigtlx of Tail. 
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148 1 

00 
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— 

73 1 
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1 9000000 

VI 
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1769 
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VIII 

46 

, 1618 

1 50000000 

VI 

I 

i 1680 

1 I 00000000 

— 

8 

1811 

1 I 00000000 
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9 1 

1811 

1 I 30000000 

— * 

16 1 

1843 

200000000 


The magnitude of these prodigious appendages is even less 
amazing than the brief period in which they sometime emanate 
from the head. The tail of the comet of 1843, long enough to 
stretch from the sun to the planetoids, was formed in less than 
twenty days. 

83. The masses of comets, like those of the planets, would be 
ascertained if the reciprocal effects of their gravitation and those 
of any known bodies in the system could be observed. But 
although the disturbing action of the planets on these bodies is 
conspicuous, and its effects have been calculated and observed, 
not the slightest effect of the same kind has ever been ascertained 
to be produced by them, even upon the smallest bodies in the 
system, and those to which comets have approached most nearly. 

In ^e, notwithstanding the enormous number of comets, 
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observed and nnobserved, which constantly traverse the solar 
system in all conceivable directions ; notwithstanding the per- 
manent revolution of the periodic comets, whose presence and 
orbits have been ascertained ; notwithstanding the frequent visits 
of comets, which so thoroughly penetrate the system as almost to 
touch the surface of the sun at their perihelion, the motions of 
the various bodies of the system, great and small, planets major 
and minor, planetoids and satellites, go on precisely as if no 
such bodies as the comets approached their neighbourhood. 
Not the smallest effects of the attraction of such visitors are 
discoverable. 

Now since, on the other hand, the disturbing effects of the 
planets upon the comets are strikingly manifest, and since the 
comets move in elliptic, parabolic, or hyperbolic orbits, of which 
the sun is the common focus, it is demonstrated that these bodies 
are composed of ponderable matter, which is subject to all the 
consequences of the law of gravitation. It cannot, therefore, be 
doubted that the comets do produce a disturbing action on the 
planets, although its effects are inappreciable even by the most 
exact observation. Since, then, the disturbances mutually pro- 
duced are in the proportion of the disturbing masses, it follows 
that the masses of the comets must be smaller beyond all calcula- 
tion than the masses even of the smallest bodies among the planets 
primary or secondary. 

The volumes of comets in general exceed those of the planets 
in a proportion nearly as great as that by which the masses of the 
planets exceed those of the comets. The consequence obviously 
resulting from this, is that the density of comets is incalculably 
small. 

Their densities in general are probably thousands of times less 
than that of the atmosphere in the stratum next the surface of 
the Earth. 
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Halley’s comet departikg from the sun in 1836. 
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CHAPTER IV. 

S4. Liglit ox comets. — 85. EHlargement of magnitude on depaiting from 
the sun. — 86. Professor Struve’s drawings of Enckc’s comet. — 87. 
Remarkable physical phenomena manifested by Halley’s comet. — 

88. Struve’s drawings of the comet approaching the sun in 1835. — 

89. Its appearance on the 29th of Sept. — 90. ApjKiarance on Oct. 3. 
— 91, Appeiirancc on Oct. 6. — 92. ApjHjarance on Oct. 9. — 93. Ap- 
pearance on Oct. 10. — 94. Appearance on Oct. 12. — 95. Appearance 
on Oct. 14. — 96. Appearance on Oct. 29. — 97. AiJi)earance on Nov. 5. 
— 98. Sir J. Hersclid’s deductions from these phenomena. — 99. Ap- 
j>earance of the comet after iierihelion. — 100. Observations and 
drawings of MM. Maclear and Smith. — 101. Appearance on Jan. 24. 
— 102. Appearance on Jan. 25. — 103. Appearance on Jan. 26. — 104. 
Appearance on Jan. 27. — 105. Appearance on Jan. 28. — 106. Ap- 
pearance on Jslu. 30. — 107. Appearance on Feb. 1. — 108. Appearance 
on Feb. 7. — 109. Appearance on Feb. 10. — 110. Appearance on 
Feb. 16 and 23. — 111. Number of comets. — 112. Duration of the 
appearance of comets. — 113. Near approach of comets to the earth. 

84. That planets are not self-luminous, but receive their light 
from the sun, is proved by their phases, and by the shadows of 
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their satellites, which are projected upon them, when the ktter* 
are interposed between them and the sun. These tests are inap- 
plicable to comets. They exhibit no phases, and are attended by 
no bodies to intercept the sun's light. But, unless it could be 
shown that a comet is a solid mass, impenetrable to the solar 
rays, the non-existence of phases is not a proof that the body does 
not receive its light from the sun. 

A mere mass of cloud or vapour, though not self-luminous, but 
rendered visible by borrowed light, would still exhibit no effect 
of this kind : its imperfect opacity would allow the solar light 
to affect its constituent parts throughout its entire depth-— so 
that, like a thin fleecy cloud, it would appear not superficially 
illuminated, but receiving and reflecting light through all its 
dimensions. With respect to comets, therefore, the doubt which 
has existed is, whether the light which proceeds from them, and 
by which they become visible, is a light of their own, or is the 
light of the sun shining upon them, and reflected to our eyes 
like light from a cloud. Among several tests which have been 
proposed to decide this question, one suggested by Arago merits 
attention. 

It has been already shown in our Tract on “the Eye” (43),. 
that the apparent brightness of a visible object is the same at all 
distances, supposing its real brightness to remain unchanged. 
Now if comets shone with their proper light, and not by light 
received from the sun, their apparent brightness would not 
decrease as they would recede from the sun, and they would cease 
to be visible, not because of the faintness of their light, but 
because of the smallness of their apparent magnitude. Now the 
contraiy' is found to be the case. As the comet retires from the 
sun its apparent brightness rapidly decreases, and it ceases to be 
visible from the mere faintness of its light, while it still subtends 
a considerable visual angle. 

85. It will doubtless excite surprise, that the dimensions of a 
comet should be enlarged as it recedes from the source of heat. 
It has been often observed in astronomical inquiries, that the 
effects, which at first view seem most improbable, are never- 
theless those which frequently prove to be true ; and so it is in 
this case. It was long believed that comets enlarged as they 
approached the sun ; and this supposed effect was naturally and 
probably ascribed to the heat of the sun expanding their dimen- 
sions. But more recent and exact observations have shown the 
very reverse to be the fact. Comets increase their apparent 
volume as they recede from the sun ; and this is a law to which 
there appears to be no well-ascertained exception. This singular 
and unexpected phenomenon has been attempted to be accounted 
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for in seTeral ways. Valz ascribed it to the pressure of the solar 
atmosphere acting upon the comet ; that atmosphere being more 
dense near the sun, compresses the comet and diminishes its 
dimensions ; and, at a greater distance, being relieved from this 
coercion, the body swells to its natural bulk. A very ingenious 
train of reasoning was produced in support of this theory. The 
density of the solar atmosphere and the elasticity of the comet, 
being assumed to be such as they might naturally be supposed, 
the variations of the comet’s bulk are deduced by strict reason- 
ing, and show a surprising coincidence with the observed 
change in the dimensions. But this hypothesis is tainted by a 
fatal error. It proceeds upon the supposition that the comet, 
on the one hand, is formed of an elastic gas or vapour ; and, on 
the other, that it is impervious to the solar atmosphere through 
which it moves. To establish the theory, it would be neces- 
sary to suppose that the elastic fluid composing the comet should 
be surrounded by a nappe or envelope as elastic as the fluid 
composing the comet, and yet wholly impenetrable by the solar 
atmosphere. 

Several ingenious hypotheses * have been proposed and suc- 
cessively rejected for explaining this phenomenon, but it seems 
now agreed to ascribe it to the action of the varying temperature 
to which the vapour which composes the nebiilous envelope is 
exposed. As the comet approaches the sun, this vapour is con- 
verted by intense heat into a pure, transparent, and therefore 
invisible elastic fluid. As it recedes from the sun, the tem- 
perature decreasing, it is partially and gradually condensed, and 
assumes the form of a semitransparent visible cloud, as steam 
does escaping from the valve of a steam boiler. It becomes more 
and more voluminous as the distance from the source of heat, and 
therefore the extent of condensation, is augmented. 

86. Professor Struve made a series of observations on the comet 
of Encke, at the period of its reappearance in 1828, and by the 
aid of the great Dorpat telescope, made the drawings figs. 7 
and 8. 

Fig. 7 represents the comet as it appeared on the 7th Novem- 
ber, the diameter a h measuring 18'. The brightest part of 
the comet extended from h to /, and was consequently eccen- 
tric to it, the distance of the centre of brightness from the 
centre of magnitude being k k. Between the 7th and the 30th 
November, the magnitude of the comet decreased from that 
represented in fig. 7, to that represented in fig. 8 ; but the 

* For several of these, see Sir ,T. Herschel’s memoir, Proceedings of 
Astronomical Society,” vol. vi. p. 104. 

o 2 


195 



COMETS. 


apparent brightness was so much increased, that at the latter date 
it was visible to the naked eye as a star of the 6th magnitude. 
The apparent diameter was then reduced to 9'. 

On November 7th a star of the 11th magnitude was seen 
through the comet, so near the centre of brightness that it was 
for a moment mistaken for a nucleus. The brightness of the 
star was not in the least perceptible degree dimmed by the mass 
of cometary matter through which its light passed. 

It was evident that the increase of the brightness of the comet 
on the 30th November, must be ascribed to the contraction, and 
consequent condensation, of the nebulous matter composing it 
in receding from the sun, for its distance from the earth on the 
7th November, when it subtended an angle of 18', was 0*515 (the 
earth’s mean distance from the sun being =1) ; while its distance 
on the 30th, when it subtended an angle of 9', was only 0*477. 
Its cubical dimensions must, therefore, have been diminished, 
and the density of the matter composing it augmented in more 
than eight-fold proportion. 

87. The expectation so generally entertained, that, on the 
occasion of its return to perihelion in 1835, this comet would 
afford observers occasion for obtaining new data, for the 
foundation^ of some satisfactory views respecting the physical 
constitution of the class of wMch it is so striking an example, 
was not disappointed. It no sooner reappeared than phenomena 
began to be manifested, preceding and accompanying the gradual 
formation of the tail, the observation of which has been most 
justly regarded as forming a memorable epoch in astronomical 
history. 

Happily, these strange and important appearances were 
observed with the greatest zeal, and delineated with the most 
elaborate and scrupulous fidelity by several eminent astronomers 
in both hemispheres. MM. Bessel at Konigsburg, Schwabe at 
Dessau, and Struve at Pultowa, and Sir J. Herschel and Mr. 
Maclear at the Cape of Good Hope, have severally published their 
observations, accompanied by numerous drawings, exhibiting 
the successive transformations presented under the physical 
influence of varying temperature, in its approach to and departure 
&om the sun. 

The comet first became visible as a small round nebula, without 
a tail| and having a bright point more intensely luminous than 
the r&t eccentrically placed within it. On the 2nd October, the 
tail began to be formed, and, increasing rapidly, acquired a length 
of about 5° on the 5th ; on the 20th it attained its greatest len^, 
which was 20°. It began after that day to decrease, and its 
diminution was so rapid, that on the 29th it was reduced to 3°, 
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and on the 5th of November, to The comet was observed on 
the day of its perihelion by M, Struve, at the Observatory of 
Poltowa, when no tail whatever was apparent. 

The circnmstanoes Vhich accompanied the increase of the tail 
from 2nd October, until its disappearance, were extremely remark- 
able, and were observed with scrupulous precision, simultaneously 
by Bessel at Kouigsburg, by Struve at Pultowa, and by Schwabe 
at Dessau, all of whom made drawings from time to time, delineat- 
ing the successive changes which it underwent. 

On the 2nd, the commencement of the formation of the tail took 
place, by the appearance of a violent ejection of nebulous matter 
from that part of the comet which was presented towards the sun. 
This ejection was, however, neither uniform nor continuous. 
Like the fiery matter issuing from the crater of a volcano, it was 
thrown out at intervals. After the ejection, which was con- 
spicuous, according to Bessel, on the 2nd, it ceased, and no efflux 
was observed for several days. About the 8th, however, it re- 
commenced more violently than before, and assumed a new form. 
At this time Schwabe noticed an appearance which he denominates 
a ‘‘ second tail,” presented in a direction opposed to that of the 
original tail, and, therefore, towards the sun. This appearance 
s^ms, however, to be regarded by Bessel merely as the renewed 
ejection of nebulous matter which was afterwards turned back 
from the sun, as smoke would be by a current of air blowing from 
the sun in the direction of the original tail. 

Tig, a— Sept. 29 , 1685 . From the 8th to the 22nd, 

the form, position, and bright- 
ness of the nebulous emana- 
tions underwent various and 
irregular changes, the last 
alternately increasing and de- 
creasing. 

At one time two, at another 
three, nebulous emanations 
were observed to issue in 
divergent directions. These 
directions were continually 
varying, as well as their com- 
parative brightness. Some- 
times they would assume a 
swallow-tailed form, resem- 
bling the dame issuing from 
a fan gas-burner. The prin- 
eipal jet or tail was also observed to oscillate on the one side 
and the other of a line drawn &om the sun through the centre 
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of the head of the comet, exactly as a compass needle oscillates 


between the one and the other 
side of the magnetic meridian. 
This oscillation was so rapid, 
that the direction of the jets 
was visibly changed from hour 
1 k) hour. The brightness of the 
matter composing them, being 
most intense at the point at 
which it seemed to be ejected 
from the nucleus, faded away 
as it expanded into the coma, 
curving backwards, in the di- 
rection of the principal tail, 
like steam or smoke before the 
wind. 

88. These curious pheno- 
mena will, however, be more 
clearly conceived by the aid 
of the admirable drawings of 
M. Struve, which we have re- 
produced with all practicable 
fidelity, in figs. 9, 10, 11, 12, 
13, 14, 15, 16, 17, and 18. 
These drawings were executed 
by M. Kruger, an eminent 
.artist, from the immediate ob- 
servation of the appearances 
•of the comet with the great 
Kraunhoffer telescope, at the 
iPultowa Observatory. The 
sketches of the artist were cor- 
Tected by the astronomer, and 
only adopted definitively after 
repeated comparisons with the 
object. The original drawings 
are preserved in the library of 
the observatory. 

89. Fig. 9 (page 198) repre- 
sents the appearance of the 
comet on the 29th September. 
The tail was difficult to be re- 
cognised, appearing to be com- 
posed of very feeble nebulous 
matter. The nucleus passed 


Fig. 10.— Oct. 3, 1835. 





199 



COMETS. 


almost centrically over a star of the tenth magnitude, without in 
the slightest degree affecting its apparent brightness. The star waa 
distinctly seen through the densest part of the comet. Another 
transit of a star took place with a like result. 

Annexed is the scale according to which this drawing has been 
made. 


10 ' 


60' 


Fig. 11.— Oct. 8, lS.3.'i. 


imumn n i i 

90, The comet changed not only its magnitude and form, hut also 
its position, after September 29. On that day the direction of the 

tail was that of the parallel of 
declination through the head. 
On October 3rd it was inclined 
from that parallel towards the 
north at a small angle, and, 
instead of being straight, was 
curved, as shown in fig. 10 
(page 199). The diameter of 
tlie head was increased in the 
ratio of 2 to 3, and the length 
of the tail in the ratio of 
^ nearly 1 to 3. 

. • : ' 91 . On the 5th, Gth , and 7 th 

. ‘ . the comet underwent several 

changes: the nucleus became 
more conspicuous. On the 6th, 
a fan-formed flame issued from 
it, which disappeared on the 
7th, and re-appeared on the 8th with increased splendour, as 
represented in fig. 11, which is drawn on the subjoined scale : 



10" 0" 20" 40" 00" SO" 100" 120" 
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I i 

The nucleus appeared like a burning coni of oblong form, and 
yellowish colour. The extent of the flame-like emanation was 
about 30". The feeble nebula surrounding the nuclei extended 
much beyond the limits of the drawing, but, being overpowered 
by the moonlight, could not be. measured. 

92, The comet as it appeared on the following night is shown 
in fig. 12, which is on the same scale as fig. 11. The nucleus and 
flame-like emanation entirely changed their form and magnitude 
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since the preceding night, 
measured very nearly 2®, 
The flame consisted of two 
parts, one resembling that 
seen on the 8th, and the 
other issuing like the jet 
from a blow-pipe in a di- 
rection at right angles to 
it. The figure represents 
the nucleus and flame as 
they appeared at 21^ side- 
real time, with a magnify- 
ing power of 254. 

93. The appearance of 
the following night is shown 
on the same scale in fig. 
13. TTie tail, which still 
measured nearly 2°, was 
now much brighter, being 
visible to the naked eye, 
notwithstanding strong 
moonlight. The coma was 
evidently broader than the 
tail. The flaming nucleus 
is represented in the draw- 
ing as it appeared under a 
magnifying power of 80, 
with a field of 18' diameter, 
the entire of whicli was 
filled with this coma. Tlie 


The tail (not included in the drawing) 

Fig. 12.— Oct. 9, 1835. ’ 



diameter of the latter must, therefore, have been more than 18'. 
The drawing was taken at 21 \ s. t. ,3 _Oet. lo. i 835 . 

94. The comet is repre- 
sented in fig. 14 (page 202), ' 

on the same scale, as it ap- " : 

peared on the night of the ; Vv 

12th. It appeared at 0‘‘ 25“' 
s. t. for a short interval in 

uncommon splendour, the . 

nucleus and flame, however, 

alone being visible, as repre- 

sented in the drawing. The 

greatest extent of the flame ..vi 

measured 64"*7. Its appear- , 

ance was most beautiful, v?''- • 
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TeBemblixig a jet streaming out from the nucleus, like flame from 
a blow*pipe, or the flame from the discharge of a mortar, attend^ 

Fig. 14.-Oct. 12, 1835. I'V IC.—Oct. 14, 1835. 




with the white smoke driven be- 
fore the wind. 

95. Its appearance on the 14th 
is shown, on the same scale, in 
flg. 15. The principal flame was 
now greatly enlarged, extending to the apparent length of 134". 
Its deflection and curved form were most remarkable. 

96. A cloudy sky prevented all observation for 12 days. On 
the 27th, the comet appeared to the naked eye as bright as a star 
of the third magnitude, the tail being distinctly visible. The 
coma surrounding the nucleus appeared as a uniform nebula. 
The tail was curved and of great length ; but, owing to the low 
■altitude at which the observation was taken, it could not be 
measured. On the 29th, however, the comet was presented under 
much more favourable conditions, and the drawings, fig. IG and 
fig. 17 were made. The former represents the entire comet, 
including the whole visible extent of the tail, and is drawn to the 
annexed scale of minutes. 

0' 10' 20' 30' 40' 

II III! Ill I ^ ^ I 

I 

The latter represents the head of the comet only, and is drawn to 
the annexed scale of seconds. 

10" 0" 20" 40" CO" 80" 100" 120" 
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At 20^ 30”* 8. t., the head presented the appearance represented 
in fig. 17 (page 204). The chief coma was almost exactly cir- 
<iular, and had a diameter of 


165", With a power of 198, 
the nucleus appeared as in 
the figure, the diameter being 
about 25 to 1"*60. The 
^nme issuing from the nu- 
cleus, curved back like smoke 
before the wind, was very 
conspicuous. The appearance 
-of the formation of the tail as 
it issues from the nucleus was 
remarkably developed. 

97. On the 5th of Novem- 


Piar. 16.~Oct. 29, 1835. 


ber the comet appeared as 
shown in fig. 18 (page 204). 
This drawing represents the 
nucleus and fiame issuing 
from it on the scale of seconds 
given below. 

The proper nucleus was 
found to measure about 2"*3. 



Two flames were seen issuing 
from it in nearly opposite 
directions, and both curved 
towards the same side. The 
brighter flame, directed to- 
wards the north, was marked 
by strongly defined edges. 

The other, directed towards 

the south, was more feeble and ill-defined. 


10'/ 0/ 20' 40'' 00" 80'/ 100'/ 120'/ 
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98, Sir J. Herschel, who also observed this comet himself at 
the Cape of Good Hope, makes from all these observations the 
following inferences. 

(1.) That the matter of the comet vaporised by the sun^s heat 
escapes in jets, throwing the comet into irregular motion by its 
reaction, and thus changing its own direction of ejection. 

(2.) That this ejection takes place principally from the part 
presented to the sun. 

(3.) That thus ejected it encounters a resistance from some 
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unknown force by which it is repulsed in the opposite direction, 
and so forms the tail. 

(4.) That this acts unequally on the cometary matter, which is 
not all vaporised, and of that which is, a considerable portion is 
retained, so as to form the head and coma. 

(5.) That this force cannot be solar gravitation, being contrary 
to that in its direction, and very much greater in its intensity, as 
is manifest by the enormous velocity with which the matter of the 
tail is driven from the sun. 

(6.) That the matter thus repelled to a distance so great from 
a body whose mass is so small must, to a great extent, escape 
from the feeble influence of the gravitation of the mass composing 
the head and coma, and, unless there be some more active agencj^ 
in operation, a large portion of such vaporised matter must be 
lost in space, never to reunite with the comet. This would 
lead to the consequence, that at every passage through its 
perihelion the comet would lose more and more of its vaporisable 
constituents, on which the production of the coma and tail 
depends, so that, at each successive return, the dimensions of 
these appendages would be less and less, as they have in fact 
been found to be. 

99. On receding from the sun after its perihelion, the comet 
was observed under very favourable circumstances at the Cape 
by Sir J. Herschel and Mr. Maclear. It first reappeared there 
on the 24th of January, under an aspect altogether different 
from that under which it was seen before its perihelion. It 
had evidently, as Sir J. Herschel thinks, undergone some great 
physical change, which had operated an entire transformation 
upon it. 

“ Nothing could be more surprising than the total change 
which had taken place in it since October. ... A new and 
unexpected phenomenon had developed itself, quite unique in the 
history of comets. Within the well-rdefined head, somewhat 
eccenliically placed, was a vivid nucleus resembling a miniature 
comet, with a head and tail of its own, perfectly distinct from 
and considerably exceeding in intensity the nebulous disc or 
envelope which I have above called the ‘ head.^ A minute bright 
point, like a small star, was distinctly perceived within it, but 
which was never quite so well defined as to give the positive 
assurance of the existence of a solid sphere, much less could any 
phase be discerned.?* * 

100. The phenomena and changes which the comet presented 
from its reappearance on the 24th of January, until its final 

* “Cape Observations,*’ p. 897. 

9.05 



COMITS. 


dUappearanoe, have been described with great clearness by Mr, 
Maolear, and illustrated by a beautiful series of drawings by that 
astronomer and his assistant, Mr. Smith, in a memoir which 
appeared in the tenth volume of the Transactions of the Royal 
Astronomical Society, from which we reproduce the series of 
illustrations given in fig. 19 to fig, 29. 

101. On the night of the 24th of January, 1836, the comet 
appeared, as in fig. 19, visible to the naked eye as a star of the 
second magnitude. The head was nearly circular, and presented 
a pretty well-defined planetary disc, encompassed by a coma or 
halo of delicate gossamer-like brightness. The diameter of the 
head, without the halo or coma, measured 131", and with the 
latter 492". 

102. On the night of the 25th the comet had the appearance 
represented in fig, 20. The circular form was broken, and the 
magnitude of the head was increased. Three stars were seen 
through the coma and one through the head. 

103. On the 26th of January the magnitude of the head was- 
further increased, but that of the coma was diminished (fig. 21). 

104. On the 27th the comet began to assume a parabolic form^ 
as shown in fig, 22, and the increasing magnitude continued. 

105. On the 28th the coma or halo was quite invisible, but 
the nucleus appeared like a faint small star.^ The magnitude of 
the comet continued to increase. The observer fancied he saw the 
faint outline of a tail (fig. 23). 


Fig. 2S. — January 2S, 1830. 





106, On the 30th the form ol the comet became decidedly 
parabolic (fig. 24). The breadth across the head was 702" being 
greater than on the 24th in the ratio of 49 to 70. or 7 'to 10 
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whioh corresponds to an increase of Tolume in the ratio of 1 to 3^. 
supposing the form to remain unchanged ; hut it was estimated 

Fig. 24. — January 30, 1S36. 






that the extension in length gave a superficial increase in the 
ratio of 35 to 1, which would correspond to a much greater 
augmentation of volume. 

107. On the 1st of February a further increase of magnitude 
took place, the figure remaining the same (fig. 25). 

Fig. 25. — Folmiary 1, 1836. 



108. On the 7th of February the comet was rendered faint by 
the effect of moonlight (fig. 26). 

109. On the 10th a further increase of volume took place, a star 
being visible through the body (fig. 27). 
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. 110. From the 16th, on which it presented the appearance 
shown in fig. 28, to the 23rd, when it assumed the appearance 
shown in fig. 29, the magnitude went on increasing, while the 
illumination became more and more faint, and this continued 
until the comet’s final disappearance ; the outline, after a short 
time, became so faint as to be lost in the surrounding darkness, 
leaving a bland nebulous blotch with a bright centre enveloping 
the nucleus. 

111. According to Mr. Hind, the number of comets which have 
appeared since the birth of Christ in each successive century is as 
follows : first century, 22 ; second, 23 ; third, 44 ; fourth, 27 ; 
fifth, IG; sixth, 25; seventh, 22; eighth, 16; ninth, 42; tenth, 
26 ; eleventh, 36 ; twelfth, 26 ; thirteenth, 26 ; fourteenth, 29 ; 
fifteenth, 27 ; sixteenth, 31 ; seventeenth, 25 ; eighteenth, 64 ; 
nineteenth (first half), 80. Total, 607. 

112. Since comets are visible only near their perihelia, when 
their velocity is greatest, the duration of their visibility at any 
single perihelion passage is generally short. The longest appear- 
ance on record is that of the great comet of 1811 (No. 8, Table YI., 

Hand-Book of Astronomy,” chap, xviii.), which continued to 
be visible for 510 days. The comet of 1825 (No. 2, Table VI. 
** Hand-Book of Astronomy,” chap, xviii.) was visible for twelve 
months, and others which appeared since have been seen for eight 
months. In general, however, these bodies do not continue to be 
seen for more than two or three months. 

113. Considering the vast number of comets which have passed 
through the system, such an incident as the collision of one of 
them with a planet might seem no very improbable contingency. 
Lexell’s comet was supposed to have j)assed among the satellites 
of Jupiter ; and, if that was the case, it is certain that the motions 
of these bodies were not in the least affected by it. The nearest 
approach to the earth ever made by a comet was that of the comet 
of 1684 (No. 55, Table YIII., “ Hand-Book of Astronomy,” chap, 
xviii.), which came within 216 semidiameters of the earth, a 
distance not so much as four times that of the moon. We are 
not aware of any nearer approach than this being certainly 
ascertained. 
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habitation of man and the contemporaneous tribes of animals, 
cannot fail to be a subject of interest the most exciting and 
profound. In our Tract on the “ Crust of the Earth,” some 
glimpses of this pre- Adamite chronology were disclosed. We 
purpose at present to resume the subject with more system and 
detail, assuming that our readers have already rendered them- 
selves familiar ^vith the facts, phenomena, and principles which 
were there stated and explained. 

187. Before we enter upon this curious narrative, however, it 
will be useful to recapitulate the great facts which will be 
brought in more detail before the reader. 

The globe, consisting originally of matter in a state of igneous 
fusion, being put in a state of rotation, assumed, as a necessary 
mechanical consequence of that motion, the form which it still 
retains, called in geometry that of an oblate spheroid, flattened at 
the poles and bulging out at the equator ; the sections made 
by planes passing through the axis of rotation being therefore 
ellipses, the longer axes of which are diameters of the equator. 
We have shown in former Tracts that the eccentricity or degree 
of the oval shape which characterises these ellipses depends imme- 
diately upon the velocity of rotation, so much so that, by mere 
mathematical calculation, the form of the ellipse has been deduced 
d priori from that velocity, and the form thus calculated has been 
found to correspond with the actual shape of the earth. 

By the gradual process of cooling produced by radiation the 
surface of the earth became solidified, a thin skin of solid matter 
being first formed upon it, which, as the cooling continued, became 
gradually thicker, tht‘ increase of thickness being produced by 
more and more solidified matter collected on its inner surface. 
This thickness may be said therefore to liave increased from 
the outside inwards. At first the tc^mperature was necessarily 
such that water could not exist upon it in the liquid state, 
but according as the temi)eraturc of the surface became gradually 
lower, the aqueous vapour till then sustained in the atmosphere 
was more or less condensed and precipitated, forming upon it an 
ocean of uniform depth extending over the entire surface. 

188. If no convulsion had taken place the earth would have 
continued in this state. It would have been one universal ocean 
undiversilied by land, and the human race could never have 
existed upon it. It follows, therefore, that before terrestrial tribes 
were created the globe must have been of necessity the theatre of 
various catastrophes, by which the land was raised above the 
waters, and by which a state of things was established, more or 
less analogous to that which geography now presents to us. It 
was necessary, in a word, that the ‘‘dry land should appear.” 
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Extensive observation on the condition of the crust of the earth 
proves that such forms -were not assumed definitely and per- 
manently at once, but that they underwent a long succession of 
changes, in the course of which the outlines of land and water 
were frequently varied : what was land at one time became the 
bottom of the ocean at another, and what was the bottom of the 
ocean at one time, rising to the surface, assumed the forms of 
continents and islands at another. 

It would be easy to show, b}- an analysis of the effects produced 
by such a succession of catastrophes, that they all tended to one 
definite end ; namel}^, the final adaptation of the earth for the 
dwelling-place of the human race, and its contemporaneous tribes. 

After the superficial temperature had fallen sufficiently low to 
allow of the deposition of water upon the surface, and the forma- 
tion of an universal ocean, a series of convulsions commenced, 
each of which was produced by the agency of the matter in 
igneous fusion contained within the solid shell of the earth. This 
matter acting unequally against the inner surface of the shell 
cracked it from time to time, ])roduciiig fissures, through which 
the igneous pasty matter issued, cooling and solidifying when 
exposed to the external atmosidiere. Each convulsion necessarily 
changed the relative levels of different parts of the solid surface, 
and this was attended with a corresponding change in the dis- 
tribution of the waters of the ocean. Epon the occurrence of 
each phenomenon, these waters Avould rush with furious impetuosity 
over such parts of the land as would fall to a lower level, while 
at other places the solid bottom of the ocean would rise above the 
surface of the waters, forming new continents and islands. Such 
catastrophes must not be regarded as either conjectural or 
imaginary. They have, on the contraiy, left on the earth visible 
traces by whicli their occurrence has not only been demon- 
strated, but even their dates have been geologically ascertained, 
so that we arc enabled to state the order in which they occurred. 

189. For a long period of time, during which these cata- 
strophes were developed at intervals, the superficial temperature 
depended infinitely more upon the internal heat transmitted 
to the surface through the crust, than upon the efiects of 
solar radiation. It must be remembered, that, so far as the 
superficial temperature would depend upon the heat received 
from the interior through the crust, the temperature would 
be everywhere the same. Thus it would afiect the poles and 
the equator equally, and would be equally diffused over all 
latitudes ; but, on the contrary, so far as the temperature would 
depend on solar radiation, it would vary with the latitude, as it 
does at present, being greatest between the tropics, and least 
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within the polar circles. But, as has been just observed, during 
the early periods of the history of the earth, to which we now 
refer, the influence of internal heat predominating enormously 
over that of solar radiation, the effects of the latter were wholly 
effaced, and, consequently, the superficial temperature was uniform 
at all latitudes. 

190. For a long period after the commencement of superficial 
solidification, this temperature was far above the limit compatible 
with the existence of any form of organic life, animal or 
vegetable ; and, consequently, during this interval the globe 
was a mere 'waste, unanimated by life and unadorned by vegeta- 
tion. Meanwhile, nevertheless, a succession of changes took 
place, the effects of which have remained so visibly traced upon 
the earth to the present day, that geologists have been enabled 
to pronounce not only their existence but their order. Four 
times the solid crust was cracked, and the internal fluid matter 
issued through the fissures, forming four systems of mountain- 
ranges, which still exist to attest these remarkable facts in 
the primitive history of our planet. 

191. At length the temperature being reduced to a point com- 
patible with organised life, creative power began to be manifested. 
The earth was peopled with animals and clothed wdth vegetation, 
but these animals and this vegetation differed altogether from 
those w^hich now animate and cover the globe. They w’ere, 
however, adapted by divine wdsdom to the then condition of 
the earth, the tem])erature being not only greater than any 
Avhich prevails at present, but, as has been stated, uniform at 
all latitudes. 

192. After this, a like succession of convulsions took place, long 
intervals of time intervening, by each of w hich the relative levels 
of the land were changed, and consequently the distribution of 
the waters of the ocean completely altered. Such changes implied 
universal inundations, which involved the destruction of all 
animated nature, animal as well as vegetable. In short, a suc- 
cession of deluges must have attended such convulsions, each 
deluge destroying all the tribes of animals and plants which 
existed on the globe at the time of the catastrophe. 

193. After each of these convulsions, the waters at first turbid, 
and holding in suspension great quantities of matter w^ashed 
aAvay and eroded from the former land, as well as enormous 
quantities of the remains of the animals and plants previously 
existing, would, after a time, become tranquil, and then a 
process of vast importance to the preservation of the history of 
the globe would take place. The organic remains of animals and 
plants suspended in the w^aters would be deq^osited at the bottom 
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of the ocean, and over them would subside also the solid matter 
sustained in a state of comminution in the waters. The remains 
would thus be buried in strata sensibly horizontal, and, being 
covered up by the earthy and mineral matter which would subside 
from the waters, they would be protected from the destructive 
action of air and water thereafter, and would thus be preserved 
to future generations as records of the past history of the eartli. 

In the interval of tranquillity following ea(;h such deluge, 
creative power was again brought into operation, and the earth 
was repeoplcd wdth animated creatures, and reclothed with vegeta- 
tion ; but in all cases the animals and plants composing the new 
kingdoms of nature, though agreeing with those recently destroyed 
in their classes and generic characters, differed from them alto- 
gether in their species. In short, a new kingdom of nature was 
produced, but constructed upon the same general princii)les. 

194. By researches made in the crust of the earth, and careful 
analyses of the constitution of its strata and of the animal remains 
contained in them, geologists have ascertained, with a high degree 
of probability, if not with absolute moral certainty, that subse- 
quently to the first a[)pearance of the forms of animal life, which, 
as has been stated, took place after the fourth great convulsion of 
the globe, there were at least twenty-eight successive convulsions 
of a like nature, each of which was attended with the complete 
destruction of the animals and jdants which existed upon the 
globe, their remains being buried in the manner already stated 
under the sedimentary deposits made by the new oceans which 
followed the crisis. 

The actual occurrence of these several convulsions, and of the 
existence of the successive animal and vegetable kingdoms, 
differing one from another in the species of which they were 
constituted, has been proved b}^ geologists by two species of 
evidence, one depending on the condition of the stratification, by 
which it has been shown that many of these catastrophes were 
attended with the elevation of systems of mountains which still 
exist upon the surface of the earth, while others, though not 
indicated by mountain ranges, are rendered evident by certain 
discordances and disturbances in the state of the strata. These 
catastrophes have also been indicated by the discovery of the 
buried remains of each of the several animal and vegetable 
kingdoms here mentioned. 

195. In fine, after the latest of the catastrophes, when the last 
strata of the tertiary formation were deposited, the most recent 
exertion of creative power took place, and the globe was peopled 
with the tribes wdiich now inhabit it, including the human 
race. 
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Such is a brief and rapid sketch of the phenomena which 
form the subject of the pre- Adamite history of the globe, which 
it is our present purpose briefly to sketch. 

196. The manner in which the geological age of mountain- 
ranges is determined by the state of the strata observed upon their 
slopes has been already explained, but this is so important an 
element in our present inquiry, that it may be useful to 
recapitulate it and present it to our readers under another 
aspect. 

When we see anywhere the sedimentary strata composing the 
crust of the earth inclined, we can ])ronounce with certainty that 
they have been disturbed from their original position which was 
horizontal, and that, in short, an ehjvation has taken place by a 
force acting from benc'ath. So far as relates to the strata thus 
inclined, the epocli of the catastrojdies would be undetermined, but 
if at the foot of the mountains we find other strata a h c, fig, 112, 


Fig. ]l;;. 



horizontal, it becomes evident that the elevation of the former 
must have taken jdacc before the deposition of the loAvc'st of the 
latter, since the latl(T are in the position in Avhieh they 
naturally subsided from the Avat(Ts. 

The geological date of the elcN ation in this case would bo between 
the period of the strata, Avhich are elevated and inclined, and the 
lowest, of the horizontal strata. In the case of all mountain- 
ranges, data of this kind, determining the geological epochs of the 
disruption Avhich produced them, arc supplied. In some jdaees 
Avc see for example the stratum a, heaved upwards, and b 
horizontal, tig. llo. In such cases the date of the catastrophe is 
posterior to the deposition of a, and anterior to that of h. 


Fig. IF-'. 



In other cases, both a and i, fig. 1 14, are u])lifted and inclined, 
but c is horizontal, and it is accordingly inferred, that the date 
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of the catastrophe was between the deposition of the strata h 
and c. 

In like manner if it be found that while the strata and c 
are all uplifted and inclined, d is horizontal, fig. 115, it is 
inferred that the date of the catastrophe was between the periods 
of the deposition of d and c, and so on. 

It will be evident that we have here assumed that the strata 
«, 6, c, «/, &c. are in the natural succession of strata, in the order 
of geological time, found in any complete section of the earth’s 
crust, in which u*o strata arc deficient. 

197. It must also be observed that the direction of the inclina- 
tion of the strata thus uplifted, corresponds with and determines 
the direction of the ridge of mountains upon the fianks of which 
tliey lie, and it has resulted from the extensive and profound 
researches of M. Elie de licaumont, that the cliains of mountains 
in general whose directions arc parallel have tlie same geological 
date, as is proved by the strata inclined upon their sides and 
horizontal at their base. ^lountain ranges, therefore, wliich 
until the discovery of this important law were regarded as 
geologically distinct and independent, arc now brought into the 
same system. Ijacli mountain system, therefore, must be 
regarded not as a single chain, but as a number of j)arallol chains 
which may be near or distant from each other within any as- 
signable limits. It may also be observed, that the parts even of 
the same chain are not always continuous, but may be broken by 
intervals along which, as it were, the crust sinks to the level of 
the surrounding plain. 

198. The systems of mountains which have thus been grouped 
according to their geological dates have usually received denomi- 
nations from some remarkable locality in wliich their jirevalence 
is most consj^icuous. Thus one is called the system of the 
Pyrenees, another the system of the principal Alps, another the 
sj' stem of the western Alps, and so on. 

The different convulsions which have taken place upon the 
surface of the globe, and which have produced the se\'cral 
mountain systems, seem to have been always sudden. In eflect 
at some distance from the place where the discordance of the 
stratification manifests former convulsions, the same strata are 
found concordant and horizontal, from whence it follows, that in 
such cases the sedimentary deposition has not been suspended, 
the disturbance of the crust has been local, and the interval 
during which it has prevailed has necessarily been short. 

199. During each successive geological period, the earth has 
been differently divided into land and water, the continents and 
islands of one period being submerged during another, and the 
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parts submerged becoming dry land. During each period the 
deposition of strata corresponding to it, has been of course con- 
fined to such parts of the earth only as were covered by water, 
and hence we are able to trace the geographical limits of sea and 
land, by tracing the limits of the deposits characteristic of each 
stratum. 

Thus, during the Silurian period, the Silurian strata have been 
deposited only on those parts of the globe which were during that 
period covered by water, but not on those which formed the 
land. When we use the expression, therefore, the Silurian 
we must be understood to mean that portion of the globe "which, 
during the Silurian period, was covered by water, and those 
portions must necessarily be co-extensive with and limited by 
Silurian deposits. In the same manner during the Cretaceous 
period, the globe, as before, consisting of land and water, the 
cretaceous deposit was made only in those parts which were then 
covered by water, and formed the bottom of what is called the 
Cretaceous sea ; the otlu;r parts of the earth, which at that epoch 
formed the land, being consequently destitute of the cretaceous 
strata. 

In the same sense is to be understood the expressions, the 7Vi- 
assic seUy Jurassic sea^ Tertiary seer, and so on. 

The absence, therefore, of any particular deposit in an extent 
more or less considerable of the crust of the earth, indicates that 
the subjacent deposit was above the level of the sea, and formed 
an island or continent more or less elevated during the period in 
which the absent deposit was made. Thus, for example, an 
extensive plateau in tlie centre of hrance must have been dry 
land from the most remote geological epochs ; and at the epoch 
of the formation of the deposit which constitutes the present Paris 
basin, the greatest part of Europe must have been dry land, 
while Paris and a large tract surrounding it, as well as Bordeaux 
and the surrounding regions, were covered by the sea, as will be 
more fully explained hereafter. 

But it happens also that the parts wdiich thus prove to have 
been dry land at a certain geological epoch, have been afterwards 
covered by more modern sediments ; from whence it follows that 
they must have subsequently sunk beneath the ocean, so as to 
receive these new deposits. It is by such subsidences of the land 
that some of the geological convulsions, whose traces will be 
hereafter noticed, have been explained. 

200. According to the results obtained from the researches of 
M. Elie de Beaumont, it appears from a comparison of the various 
mountain ranges of Europe, and from an examination of the 
strata upon their slopes and at their bases, that since the solidifi- 
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cation of its crust this part of the globe has undergone at least 
seventeen distinct convulsions, each of which has produced a 
mountain system, the mean direction of which has been ascer- 
tained, and is characteristic of it. These seventeen systems have 
received denominations, as already mentioned, from some locali- 
ties in which their prevalence is most conspicuous, and the 
directions which characterise them are indicated in the following 
diagram. 



Fit;. llC.—Dircctious oftlic in'hicip.'il Mountain systems. 


201. The order in which these several systems have been 
elevated is indicated by the numbers placed at one extremity of 
the lines indicating their direction, and these directions are 
expressed with more numerical precision in the following table, 
where W. 21"^ S. means a point 2P south of west; N. 23' E,, a 
point 23^ east of north ; W. 38“ N., a point 38° north of west, 
and so on. The places indicated in the second column are 
those from which the system takes its name, and those indi- 
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cated on the fourth column those at which its direction has been 
determined. 


1st 

Vendee 

. N. N. W. 

Vannes. 

2nd 

Finistero 

. TV. 2r'S. 

Brest. 

3rd 

Longmynd . 

N. 23" E. 

Vannes. 

4tli 

Morhihan 

. W. 38° N. 

Vannes. 

5tli 

IIundsruc*k . 

. W. 31 S. 

Bingerloch. 

0th 

Ballons . 

W. 15" N. 

Ballons. 

7 th 

North of England . 

N. 5*^ W. 

North of England. 

8th 

Hainault 

W. 5" S. 

Netherlands. 

0 th 

Rhine . 

N. 21" E. 

IT])per Rhine. 

loth 

Thnriiigerwald 

. W. 40" N. 

Thuringcrwahl. 

11th 

Cote d’Or 

. W. 40" S. 

Cote d’Or. 

12th 

Monte Viso 

. N. N. W. 

Monte Viso. 

13th 

Pyrenees 

. W. IS" N. 

Pyrenees. 

14th 

^Jorsiea 

. N. 


1.0 th 

Western Ali)s 

. N. 20" E. 

Alps of Banphine. 

Ifith 

Principal Alps 

. W. 10%S. 

Alps of the Valais. 

17th 

Tsenariis 

. 

Oreecc. 


202. Tn layin" down upon the map the directions of the several 
systems, their di^dsions into such as run between N.W. and S.E., 
and between N.l'b and 8.W., becomes very a])parent, as will 
appear by reference to 117, in which tlie several systems are 
indicated by peculiar marks as follows : — 


^ „oc.~ 

2. FiiiLston-. * 

3. — LdUgniyiid. 

4. 3 0 — oo Morbili.'iii. 

5 . eoTrwxroourm 1 lundsi uck . 

(). Ballons. J 

7. North of England, i 

8, .• Ilaiiuiiilt. 


0- . . , Ivhine. 

10. Thiii-ingerwahl. 

11. «.i— iii^, (/ote-d’Or. 

12. Monte Viso. 

13. Tyrenees. 

14. Corsica. 

15 ^ Western Alps. 

1(). Principal Alps. 

17. .o.oo«-o.o Tionams. 


203. The systems directed between the N.AV. and S.E. run from 
the Ivhine towards Provence and lirittany, and those between 
the N.lk and S.W. from Normand}'', Brittany, and the Pyrenees 
towards the Apennines. 

204. The geological dates of these several systems of elevation, 
determined, as will i)resent]y appear by the position of the strata 
on their flanks and at their bases, are as follows : — 

I. System of Vendee raised Before the deposition of the Cumbrian 

group. 

II. System of Fiuistere raised between the Cumbrian and the green 

slate of Lougmvnd. 

TO 
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III. System of Lonjnnynd raised between the Longmynd slate and the 

Bala limestone. 

IV. System of Morbihan raised between Bala limestone and the 

Silurian dei)osit. 

V. System of ITnndsruck raised between the Silurian and Devonian. 

VI. System of Ballons raised between the Devonian and carboniferous. 

VII. System of North of England raisetl between the carboniferous and 
Permian. 

A’lII. System of llainault raised between the Permian and Vosges sand- 
stone. 

IX. System of Khirn' raised between tlie A’osges sandstone and Triassii;. 

X. System ef Tlniringerwald raised l>etween the Triassic and Jurassic. 

XI. System of Cote d’Cr raised between tlie Jurassic and lower 
cretaceous. 

XII. System of Monte Viso raised between tlie lower and upper 
Cretaceous. 

XIII. System of Pyrenees raised between the uj^jicr Cretaceous and lowei” 
Tertiary. 



Fig. 117 . — Map of France, Bhowiiig tlio jircvailiiig direction oC the principal 
systems of mountains. 


XIW System of Corsica raised lietween the lower and middle Teitiary. 
XV. System of Western Alps raised between tlie middle and upper 
Tertiary. 

XVI. System of priuci])al Alps raised between the upiier Tertiary and 
Diluvial. 

XV LI. Svstem of Tienarus raised between the Diluvial and Alluvial. 

IT 
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205. We shall now briefly explain the stratigraphical charac- 
ters by which these several dates have been ascertained. 

I. System of Yexdee. — In the earlier researches of M, Elie 
de Beaumont, the Ilundsruck system, the elevation of which 
appeared to precede immediately the Silurian period, was assumed 
to be the earliest catastrophe of that kind of which the crust of 
the earth afibrded any evidence. Observations more multiplied 
and exact, and a more elaborate discussion of the phenomena, 
discovered by his own labours and those of other geologists, have, 
however, conducted him to the conclusion that four of the exist- 


ing mountain systems were produced at much earlier epochs. 

The first of these, to which the French province of La Vendee 


Fig. 118. 

Cumbrian > Sea. 


has given its name, is repre- 
sented with the Cumbrian 
beds horizontal at its base, in 



the section fig. 118, where 
a represents the mountain 
range, and h the Cumbrian 
deposit. 


We may therefore imagine h to be the sea of the epoch, which 
succeeded this elevation, in the bottom of which the Cumbrian 


formation was deposited. It is in this sense that the Cumbrian 
sea is to be understood, and a like form of expression will be 
used in a corresponding sense in other cases. 

The date of the catastrophe by which the A'endee system was 
pushed uj), must therefore be prior to the deposition of the 
Cumbrian strata. 


This mountain system has liitherto been but little studied. 
Traces of it are shown by ^I. de Beaumont to exist in schists of 
Belle-Isle, of the embouchure of the river Villeine, in the mica- 
schists or gneiss on the banks of the river Blavet (dep. Morbihan), 
in Beaupreau, and Bourbon- Vendee. 

206. 11. System of ITnisteke. — By the catastrophe which 

produced this system, the 
I g ( himbrian formation 5, fig. 119, 



b a c 


was uplifted, and in the period 
of tranquillity which followed, 
the waters deposited the strata 
of green slate of Longmynd 
in Wales. These last, c, are 
accordingly seen in horizontal 


strata along the base of the system. 

The date of the catastro])he is therefore posterior to the deposi- 
tion of the Cumbrian formation, and anterior to that of the green 
slate of Longmynd and Westmoreland. 

12 
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Traces of this system exist in the gneiss and mica-schists of 
Brest, the Cumbrian schists between Pontivy and Falaise, the 
chloritic schists of Cherbourg, the Cumberland ranges, and at 
Gotheburg and Upsal in Sweden, whence it is continued into the 
southern part of Finland. It is also seen in the Pyrenees and in 




Catalonia. 

207. 111. System of Long:s[ynd. — The green slate deposits 

were forced up and inclined by this convulsion, and in the tranquil 
period which ensued, the liala 'g 

lime-stone beds, c/, tig. 120, g*| 

were deposited by the ocean Fig/ 120 . 
on their flanks, where these ^ 

strata arc still seen in the 
same horizontal position. 

The date of the catastrojdic 
is therefore posterior to the c 

lime-stone. 

In Brittany the green slate does not appear between the Bala 
limestone d and the Cumbrian strata />, which shows that that 
part of Europe was dry land while the Bala sea was making its 
deposits. 

The stratification due to the Longmynd system has been traced 
in Limousin in France, in the mountains of Morocco, in the Serra 
da Estrella in Portugal, in the Erzgebirge in Saxony, in the gneiss 
mountains of Moravia, and of those parts of Bohemia bordering on 
Austria, on the north-east of the Wenner lake in Sweden, along 
the coast of the Gulf of Bothnia in Finland, and along that of 
Wiborg on the other side. 

208. JV. System OEMoiiiiTiiAX. — The convulsion which produced 
this system upheaved the Bala 
formation c/, fig. 121, throw- 
ing its strata, previously hori- 
zontal, into an inclined posi- 
tion. In the tran(j^uil period 
which ensued, the mountains 
thus formed were washed by 
an ocean and seas in which were deposited the Silurian formation J\ 
which is still horizontal, on the flanks of this system. 

This convulsion, therefore, immediately preceded the Silurian 
period, and was posterior to the deposition of the Bala 
limestone. 

The system of Morbihan is very extensive ; it is traced in the 
mica-schists and gneiss of the Loire Inferieure,in the islands which 
terminate the south-west coast of Brittany, in the granitic plateau 
which extends along that coast bevond Parthenay, and over part 
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of the Limousin, where traces of it appear between Tulle and 
Nontron. It is found also in the north-eastern pait of Brittany 
and in the Bocage of Normandy. Traces of it are found in the 
mioa-schists and gneiss of Messina, in the Erzgebirge, in Bcehmer- 
waldgebirge, in the granitic steppes which extend from Volhynia 
towards the Don, in Labrador and in Canada. 

209. V. System of HuNnsutTCE:. — The catastrophe which pro- 
duced this system coincided with the commencement of animal 
and vegetable life upon the earth. The strata deposited by the 
waters of the Silurian sea which preceded it, were uplifted from 
their horizontal position so as to form the mountain ranges to 
which M. Elie do Beaumont has given the name of Ilundsruck^ 
from a mountainous region of Germany extending over the southern 
part of Rhenish Prussia and Rhenish Bavaria, where it is con- 
nected witli the chain of the 
Yosges. Its geological date 
is fixed by the fact that the 
J)evonian strata are found in 
a horizontal position upon its 
flank, as shown in fig. 122. 
The catastrophe must, there- 
fore, have followed the Silu- 
rian, and preceded the Devonian period. 

This system is traced through France, in Brittany, in the de- 
partment of the llle-et-A^ilain, in the strata which cover Cape Finis- 
tere, in Mayennc, and in the department of the ( )rnc and the 
Manche. It appears also in the slate formation of the Ardennes, 
of the Eiffel, in the mountains of IT undsruck and the Taurus. 
It is also found in the Ilartz mountains, in tlic Erzgebirge, 
in Bohemia, in the island of (jothland, in Finland and Lapland. 
In England it is traced in (Jornwall, Y estiiioreland, and the 
G rampians. 

210. VI. System of the Balt-ons. — Tliis system originated in a 
convulsion b}' which the Devonian strata, //, were uplifted and 

thrown into an inclined 
position, as shown in tig. 
120. The waters of the 
globe, when tranquillity 
ensued, deposited the car- 
boniferous beds in hori- 
zontal strata, h, in the 
bottom of seas, oceans, and lakes, the latter being at more elevated 
levels than the former, as thown in the figure. 

The date of the catastrophe is, therefore, antecedent to the car- 
boniferous, and posterior to tlie Devonian period. This system is 
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traced in France in the anthracite schistous beds on the hanks of 
the Loire and of the Brest canal. It is also seen in the depart- 
ment of Mayenne, in the south-east of Laval, in the southern 
part of the Vosges, in the chains of Lozcre, Margeride, and the 
Oorr^ze. 

In England the system is directed from Cornwall to the Gram- 
pians, in Belgium from Avesnes to Liege, and in Germany in the 
Hartz mountains, which probably have received from it their pecu- 
liar form. 

It may also be traced in Bohemia, Saxony, Sweden, Russia, 
Siberia, in the Altai range, in North America, along the line of 
the Alleghanies, and in southern Asia. 

211. VII. System of the Noeth of England. — The con- 
vulsion which produced this system dislocated the coal formation, 
hy fig. 124, and in the 
tranquil period which suc- 
ceeded the waters of the 
ocean deposited thePermian 
strata, L 

Its date, therefore, was 
prior to the Permian and 
subsequent to the carboni- 
ferous period. This system 
is characterised by lines 
of summit which extend from the parallel of Derby to the frontiers 
■of Scotland, through Yorkshire, and between ('Umherland and 
Northumberland. Traces of it are also found in the neighbour- 
hood of Bristol, as well as in the south of Ireland. It is traced also 
both in Norway and Sweden, upon the crests of the southern chains. 

212. VIII. System of JIainaflt. — The catastrophe whicli pro- 

duced this system has been manifested less b}" any elevated ridges 
than by a series of dislocations and compressions which arc seen 
in England, between Pembrokeshire and Mansfield, and which 
also traverse the Netherlands, running nearly east and west. All 
the existing strata, and par- 
ticularly the coal measures, || 

7/, fig. 125, and the Permian il & 

strata, i, exhibit these effects. 

The strata of Vosgian sand- 
stone are, however, undis- 
turbed and horizontal as they 
were deposited from the waters, ■' ^ 

showing that the date of this catastroplic was anterior to their 
deposition and posterior to the Permian period. These positions 
of the Vosgian strata are apparent at Sarrebruck. 
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. Fig. ICO. 

Tnasaic sea. ^ r 



Traces of tliis system are found between Liege and Lille, in the 
direction of certain granitic islets, in the coal basin of Brittany, 
and from Ijaval towards Uuimper. 

213. IX. Systkm of the Hiiine. — This system is manifested 
chiefly upon the cliffs of the Rhino, between Bale and Mentz, with 

various other parallel 
escarpments, indicating 
faults which have affected 
all the strata, including 
the Yosgian sandstone, ky 
flg. 126, patches of which 
they have pushed up to 
different heights, without 
disturbing their horizontal position, ITonce have resulted islands 
in the seas of this epocli, around which the Triassic group has 
been deposited at a lower level, as shown in fig. 126. 

214. X. System of TiiriiiNOEiiAVALn. — The mountains to 
which this system has given its name, and of which the Bo'mher- 

2 waldgebirgc is the continuation, 

P . constitute the natural frontiers 

1 1 wdiich divide Bavaria, Saxony, 

and Bohemia. The most re- 
markable effects of this 
catastrophe are manifested be- 
tween (’assel and Linz, where 
the Triassic strata, /, are up- 
lifted and overlaid by the 




h V / ‘ 


Jurassic deposits, W 2 , in level strata, tig. 127. 

Some traces of this system arc seen in the south-western part 
of the Vosges, 'where tlie Triassic strata [grh higarre) are raised 
considerably above the general level, an effect probably produced 
by the masses of serpentine which protrude in that region. 
Between Avalloii and Autim some granitic islets and dislocated 
Triassic strata have also the north-west direction, and are sur- 
rounded by the Jurassic limestone in level strata. The date of the 
catastrophe is, therefore, anterior to the .liirassic period, but 
posterior to the Triassic. 
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CHAPTER II. 

215. Elie cle Beaumont’s mountain systems coiitiiuicd : {System of Cote d’Or. 
— 216. System <>f Monte Viso. — 217. System of the Pyrenees — 218. 
System of Corsica. — 21^. System of the Western Alps. — 220. System 
of the Principal Alps. — 221. System of T.'eiiarus. — 222. Principal 
eflTccts of this eonvulsion. — 223. Extension of De Beaumont’s system 
by analogy to the remainder of the globe ; general j.dan of mountain 
systems. — 224. Geological horizon exjdained ; mineralogical characters 
insufficient to identify it. — 225. Indications supplied by fossiliferous 
deposits. — 226. Twenty-nine fossiliferous strata. — 227. Zoological 
stratification. — 228. Method of determining outlines of land and water 
twofold : mineralogical and zoological.^ — 229. The mineralogical tests 
uncertain. — 230. The zoological tests clear and definite. — 231. Organic 
remains which characterise the bottom of deep seas. — 232. Organic 
remains which determine the shores of seas. — 233. Others which deter- 
mine the bottoms of shallow seas. — 234. Others which indicate the 
embouchures of rivers and estuaries. — 235. Conventional terms. — 236. 
Successive creations. — 237. Geological i>criods and stages. — 238. Six 
great formations. — 239. Kesolutioh of the earth’s crust into 29 stages. 
— 240. Six geological ages. — 241. Succession of geological periods. — 
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242. Zoological terras : four principal divisions of animals. — 243. 

Sulwrdinate nomenclature. — 244, Table of the classes of animals. — 

245. Zoological characters of the principal divisions. 

215, XI. System of Cute d’Or. — This system in its direction is 
nearly at right angles to the pfeceding, see fig. 116. The Jurassic 

deposits, m, fig. 128, are pushed 
up, and the lower cretaceous 
strata, w, ranged horizontally 
upon them, as shown in fig. 
128. This system may be 
traced without interruption 
from Luxembourg to Roehelle, 
and in all the crests of the 
Jura. It was by this cata- 
strophe that tlie eastern border of the central plateau of France 
was raised and dislocated after the formation of the Juras- 
sic group, which is there considerably elevated ; while the 
other borders have suffered no derangement : which indicates that 
this plateau, in the chief part of its extent, has undergone no 
change since the Jurassic period. Traces of this catastrophe are 
also manifested in several other parts of France — north and 
south ; in several parts of Germany ; and especially in the 
Erzgebirge, which, though divested of the Jurassic limestone, has 
tlie lower cretaceous strata in horizontal beds at its foot. 

The date of this catastrophe is, therefore, between the period of 
the deposition of tlie lower cretaceous strata and that of the 
J urassic group. 

216. Xir. System of Monte A^iso.— The dislocsation of the 
lower cretaceous deposits, «, fig. 1 20, by this catastrophe, and the 

presence of the upper cre- 
taceous deposits in their 
horizontal position, are 
distinctly manifested in 
the Alps of Bauphin5, 
showing that the date of 
the catastrophe is between 
the periods at which the 
upper and lower cretaceous 
deposits were made. 

The upper cretaceous strata, represented by beds of numraulites, 
and sometimes, but very rarely, by grey and compact limestone, 
are alone found to be horizontal, as may be seen on the Col de 
Bayard and the Col Maurin. Indications of this system may 
also be traced at the south of Grenoble, in the north of Dauphin§, 
18 
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in the mountains which connect the Alps with the J lira, as far as 
the Pont d’Ain and Loiis-le-Saulnier. It was this catastrophe 
which determined the principal direction of the coasts of Italy, as 
well as that of a system of elevated ridges in Greece, of which 
Pindarus forms part. 

217. XIII. System of the Py'eenees. — By this catastrophe 
the upper cretaceous strata, 

0 , tig. 130, were raised and 
dislocated. 

The lower tertiary strata, 
being horizontal, show 
that the date of the cata- 
strophe is between that of 
the lower tertiary and tlic 
upper cretaceous periods. By this disturbance the upper creta- 
ceous strata have been elevated to a considcmble height, forming 
lofty cliffs, especially along the Spanish frontier. 

The calcareous strata of the Paris basin, usually considered as 
the lowest of the tertiary strata, having but little extent over the 
surface of France, or even of Europe, it follows that at the epoch 
of tlie formation of the Pyrenean system, the chief ])art of the 
continent of Europe w^as suddenly raised above the waters and 
rendered dry land. 

Not only the wdiole chain of the Pyrenees, as well in France as 
in the Asturias, belongs to this epoch, but also that of the 
Apennines, the Julian Alps, the Carpathians, the lialkans, and 
the mountains of Greece. The same direction is discovered in 
numerous dislocations and denudations in Germany, in the north 
of France, and in tlie Wealden of England; from whence it 
appears that this catastrophe must have had a vast extent, 
affecting certainly the entire surface of Europe and probably of 
the world. 

218. XIV. System of Coksica. — This catastrophe, unlike the 
former ones, is not marked by an elevation of the strata, which 
were formed under the water. After tlie preceding elevation, the 
Parisian lime-stone, which would then be found, is completely 
absent in those places wdiere the new catastrophe was manifested. 

The absence of this deposit signifies that the ground over the 
whole of Europe at that epoch was raised above the level of the 
sea ; but as observation shows us that in this same place other 
marine deposits were made at a later period, it must be concluded 
that those parts which were first elevated above the ocean sunk 
below it at a subsequent period, so as to receive the superjacent 
deposits now found upon them. This must in fact have happened 
to part of the Paris basin, to Touraine, the chief part of Gascony, 
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all Switzerland, the valley of the Pwhone from Lyons to the sea, 
as well as to several parts of Italy, (Corsica, and Sardinia, which, 
not exhibiting any of the Parisian deposits, must have been 
brought above the level of the waters by the Pyrenean elevation, 
which produced the thirteenth system, and must have afterwards 
sunk to receive the subsequent deposits. 

The Corsican system is manifested also by elevations and dis- 
memberments, which have given their ultimate form to the 
mountains, whicli rising between the valleys of the Saone, the 
Loire, and the Allier, have directions from north to south. In 
these countries all the sccondar}^ strata are disturbed, and around 
them are formed the fresh-water deposits of Auvergne and the 
Loire. It w^as along the direction of this disturbance that were 
subsequently placed all the volcanic cones of the chain of 
the Puys. 

Traces of this Corsican system arc found in the mountains which 
connect the Ali)s with the Jura, in spite of the dismemberments 
which the succeeding catastrophes produced. There exists also a 
great number of chains liaving the same direction in the eastern 
and southern parts of Europe, in Tuscany, the Papal States, 
Istria, Albania, Greece, and so on. The islands of Corsica and 
Sardinia arc also arranged from north to south, and present 
along the coast tertiary deposits in horizontal strata of the same 
age as those which are found in all the parts of France above 
mentioned. 

219. XV. System of 'VVESTEitN Alps. — If the Swiss Alps and 
those of Savoy and Dauphine j)resent traces of catastrophes which 
took place since the elevation of the system of Cote d’Or, it is not 
less evident that the actual profile of the chain has a date much 
more recent. In fact the middle strata of the tertiary system, 
which were only raised above the waters after the date of the 
Corsican system, are now elevated sometimes to vast altitudes, as 
well as the Jurassic and cretaceous formations beneath them. The 
only strata found horizontal are the upper tertiary. Thus it 
follows that this chain of mountains, which includes the most 
lofty in Europe, were not raised to their present elevation from 
the common level of the continent until after the deposition of the 
middle tertiary strata. 

The matter wdiich broke through the crust of the earth in this 
catastrophe, was the particular species of granite of which Mont 
Blanc and Monte Rosa are formed. A multitude of granitic 
islands in different parts of the continent are also formed of it, 
on the flanks of which appear inclined the tertiary, cretaceous, 
and Jurassic strata. These granites at an early epoch in the pro- 
gress of the science, when the principles which determine the 
20 
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dates of mountain ranges were less understood, being regarded 
as dating from the earliest geological periods, received the name 
of Protogyne, It is now known, however, that they did not 
break through the terrestrial crust until after the deposition of 
the middle tertiary system, seen in the strata around the Paris 
basin. 


The relative position of the strata, determined by the elevation 
of the Western Alps, is illustrated in tig. 131, where the same 
letters are used to indicate ^ 

the several strata, as in Fig. isi. « 


the former figures. Tlie 
sea, which subsequently 
deposited in horizontal 
strata the upper tertiary 
system, is indicated in the 
figure. 

This catastrophe pro- 


Ui»i)cv tertiary 

sea. ^ ’ ? / 
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duced not only the lofty chains of Savoy and Dauphine, but 


extended its influence over Europe north and south. On the one 


side Nova Zembla and the whole Scandinavian Peninsula were 


afiected by it, and on the other it produced a series of disloca- 
tions which are seen from Narbonne to (-atalonia, determining 
the position of the whole Mediterranean coast of Spain. Its 
influence was felt south of the Mediterranean, producing the 
mountains of Morocco as well as those of the regency of Tunis. 

220. XVI. System of i>rtxcipal Alps. — This catastrophe 
has produced the grandest features of relief upon the European 
continent. The lacustrine deposits, formed after the elevation of 
the Western Alps, were themselves dislocated by it, and along 
the foot of the chain there are no other horizontal strata than 


the diluvial deposits of the present epoch. The matter pressed up 
from the inner regions of the globe by this catastrophe were the 
different varieties of melaphyres, the sienitt;s, the euphotides and 
serpentines, which forced up all the tertiary deposits of Piedmont 
and Provence, as well as the granitic rocks which constitute the 
most elevated summits of the principal chains of the Alps. 

Not only were all the mountains which extend from the Valais 
and St. Gothard into Austria raised on this occasion, but the 


greater part of the surface of Europe shared in the movement. 
In fact the surface of the continent was lifted into a gentle 


acclivity, directed tow^ards the line of summit of this great chain. 
It is thus for example that the plains of Bavaria rise slowdy in a 
direction a little east of south, and those of Lombardy in an 
opposite direction. In the south of France, in like manner, the 
tertiary formation rises from the south towards the north, from 
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the borders of the Mediterranean to Saint- Vallier, and on the 
other side the inclination is in the opposite direction. From the 
borders of the Loire the surface rises gently on the one side in 
the direction N.N.AV’^., and on the other in the direction S.S.E., as 
far as the valleys of Auvergne. At the foot of the Pyrenees, the 
ophites, as well as the gypsums and the saliferous masses con- 
nected with them, form a tract whose direction is parallel to the 
chain of the principal Alps, and resemble the arrangement of the 
serpentines of the valley of Aosta. 

221. XYII. SvsTiai OF T-FNAKirs. — This is the last and most 
recent great catastroi)]jc of wliich Europe has been the theatre. 
It took jdace at an epoch when our seas were peopled by the 
tribes wliich now inhabit them, and when possibly the human 
race had already appeared, so that the result might not inaptly be 
called the7>o5/.-^£/«?ynYe system. 

After the diluvial deposits which surrounded the principal 
Alps in horizontal strata had been made, the surface of Tuscany 
underwent a. dislocation parallel to a great circle, directed nearly 
N.W. and S.E. The deposits raised at this epoch include nothing 
but shells, similar to those of the existing seas, as may be 
shown by an examination of the tufa of the Phlcgra)an fields, a 
district on the shore of the Ray of Bane, near Naples, and of the 
Somma of the island of Ischia. The sedimentary deposits of 
Sardinia, where ]\1. de la Marmora discovered the remains of 
infant arts, appear also !•) liavc shared in this movement, which 
must therefore have been one of extremely modern date com- 
pared with all those already described. 

222. It is to this catastrojdie that must be ascribed the ele- 
vation of the Somma, of Stromboli, and of Etna, all of which 
would have been totally deranged if they had existed before 
the catastrophe of the principal Al])s, by which so many 
ravages have been j)rodnced in all directions. To the same 
movcmieiit are probably also due the volcanic formation of 
Auvergne and the A^ivarais, the ejections from which have issued 
from fractures and lissures produced by some of the antecedent 
eatastroi)hes. 

The system of elevation, the traces of wdiich arc seen in 
Provence, near Nice, in Sardinia, in Sicily, and in the Ptilegriean 
fields, is i)arallel to the modern system, which Messrs. Boblaye 
and A^irlet have indicated at the southern part of the Morea, and 
which they have called Tfnmrus, from the adjacent cape of that 
name. 

223. Such then, according to the remarkably able and per- 
spicuous analysis of M. Elie de Beaumont, is the history of the 
principal changes which the surface of the globe has undergone 
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from the first consolidation of its external crust to the present 
epoch. Since it has been found in Europe (the only part of the 
world which has hitherto undergone sufficiently accurate geological 
survey), that the various ridges which have the same or parallel 
directions belong to the same epoch of elevation, analogy would 
justify a similar inference respecting all parts of the globe, and 
we should naturally conclude that i)arallel lines of direction and 
contemporaneity of formation are interchangeable principles. It 
is at least interesting to examine from this point of view the 
principal chains which are known in different parts of the earth. 

To show how far the results of these observations in Europe 
may be generalised by such analogies, IM. Elie de Ueaumont 
designed for M. Beudant the plan which, by their permission, 
we have reproduced in fig. 132, showing the generalisation of the 
■classification of mountain systems according to their dates, as 
above explained. 

It will be seen upon this ciiart that tlie direction of the system 
■of the Pyrenees extends from the Alleghanies in North America 
to the Indian Peninsula by the (Carpathians, Mount Caucasus, the 
mountains of Persia, and the Ghauts in India. To the south of 
this line there are several parallel ridges, such as those which run 
from Cape Ortegal in the Asturias to Cape Creiix in Catalonia. 
Also the little range of Grenada, the mountains which surround 
the southern side of the desert of Sahara, intersecting the direction 
•of the Atlas, and, in fine, the Apennines, the Julian Alps, and the 
mountains of Croatia and Iloumelia, extending to those of the 
Morea. 

The system of the Ballons, so closely related in direction to that 
of the Pyrenees, is also represented in the Alleghanies. 

The direction of the system of the Western Alps is observed 
from Morocco to New Zealand, passing along the eastern coast of 
Bpain, the south of France, and a great part of the Scandinavian 
peninsula. Parallel ridges arc found in the Cordilleras of Brazil, 
in the regency of Tunis, in Sicily, at the point of Italy, and in 
Asia Minor. All the littoral range of the old continent, from the 
northern cape of Lapland to Cape Blanco in Africa, partakes of 
this direction. 

The direction of the principal Alps is in accordance with 
numerous other ridges. Chains parallel to this direction arc 
found in the Atlas, in Spain, and across the old continent to the 
China Sea, including Mount Olympus, the Balkans, the Taurus, 
the central chain of the Caucasus between the Black Sea and the 
Caspian ; in the long scries of mountains which extend through 
Persia and Cabul, including the Parapamisan mountains in 
Afghanistan and eastern Persia, the range of the Hindoo Koosh, 

23 




13-2. — Plan showing: the direction of the principal mountain systems accordine: to the classification of M. Elie de Beaumont. 


PLAN OF MOUNTAIN SYSTEMS. 


and, in fine, the Himalayas, which include the most lofty moun- 
tains in the world. 

Parallel to the Corsican system are the chains of Syria and Pal- 
estine. Parallel to that of Monte Viso, those of Pindus. Parallel 
to the Thuringenwald are the mountains of Attica and Negropont. 
Parallel to the C6te d*Or,'or perhaps the Hundsruck, are the Altai 
range, and so on. 

224. In all that has been hitherto explained the mineralogical 
components of the succession of strata are the only indications 
which have been given to determine each geological horizon, — a 
term to be understood as indicating that layer of the crust 
extending generally over the whole globe, which was contempora- 
neously deposited. If the waters of the oceans and seas of each 
epoch deposited everywhere a stratum composed of the same ma- 
terials, and if the waters of no epoch anterior or posterior deposited 
like strata, then the mineralogical character of each stratum would 
supply certain indications of its date. But this has not been the 
case : on the contrary, strata which were incontestably deposited 
at the same epoch, are often composed in difierent places of different 
mineralogical constituents, while, on the other hand, strata of 
different epochs of deposition arc sometimes found to consist of the 
same mineralogical components. Although, therefore, in a certain 
general sense, the mineralogical character of the strata, as has 
been explained, indicates the date of its deposition, yet when we 
come to define more exactly the successive geological horizons, 
these mineral characters cease to afibrd the necessary tests. 

225. The indications which the mineralogical constituents of the 
strata have thus failed to supply, have happily been obtained from 
their fossiliferous deposits. From extensive observations, made 
both in the old and new world, it has been ascertained that in 
descending from stratum to stratum downwards, a succession of 
layers of organic remains have been found lodged within definite 
limits of geological level, the species found in each being almost 
totally distinct from those found in those above and below it. So that 
wherever we find the same organic remains, however different the 
strata in which they are lodged may be in their mineralogical 
character, we may conclude with certainty that they are of con- 
temporaneous deposition. 

226. Each fossiliferous stratum is distinguished from those above 
and below it, not only by the specific characters of its organic 
remains but also by its stratigraphic position, and, as we shall 
presently show, there are clear indications that the deposition of 
each such stratum, followed the destruction of the organic world 
by one of those violent convulsions which have been already 
described. Of these distinct fossiliferous strata twenty -nine 
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have been enumerated and connected with indications of as many- 
geological convulsions, the result of each of which was the complete 
destruction of animal and vegetable life upon the globe, the fossil 
deposits of the next strata of the series in ascending, being the 
remains of the animal and vegetable tribes which re-peoplcd and 
re-clothed the earth after the ensuing period of tranquillity. 

227. The organic remains, deposited in tlie successive layers of 
the terrestrial crust, show the character of the animal and vegetable 
world during the periods of tranquillity which followed the several 
convulsions which tlius devastated the globe. It is, however, 
a problem of not less high interest to determine the geographical 
character of the surface, as defined by the relative extent and 
outlines of land and water, during each of these periods. The 
solution of this problem would be attended with no difiiculty, if 
we possessed a perfect knowledge of the condition of the sedi- 
mentary strata in all parts of the earth. But not to mention our 
want of all knowledge of the state of that large portion of the 
earth’s surface, which is at present covered with water, -we have 
as yet been able to efiect only a very limited and imperfect survey 
even of that lesser part which forms the land. Nevertheless, the 
positive knowledge, small as it is, -svhich the labours and re- 
searches of geologists have supplied, aided by obvious analogies 
on which conclusions arc based, having, if not in all cases moral 
certainty, at least a high degree of probability, has afforded a 
close approximation to the scries of geograjdueal changes which 
that part of the earth, at present composing the land, has under- 
gone since the earliest geological epochs. 

228. The means wherebj^ the outlines of land and water at any 
proposed geological period are detca-mined are twofold, one method 
depending on the mineralogical cliaracter of the strata, and the 
other upon that of its organic deposits. 

To explain these methods, let us suppose, for example, that it 
is required to determine the outlines of land and water, upon those 
parts of the globe of which we possess sullicient geological know- 
ledge, during the Silurian ej)och. The first ])oint will be, in that 
case, to determine the extent and limits of that class of strata to 
which the name Silurian has been given. Let us imagine that all 
the strata of more modern date are removed, and the Silurian 
strata laid bare. These strata were deposited during the Silurian 
period at the bottom of the seas and oceans which then partially 
covered the globe, and whose outlines and limits are the imme- 
diate subject of inquiry. The land during this period consisted 
of those parts of the globe alone upon which the Silurian deposit 
was not made. If, therefore, we possess the means of discovering 
the exact extent and outline of the Siluidan deposit, we possess 
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all that is necessary for the solution of the proposed question. 
The outlines of this deposit are, in fact, identical with the outlines 
of land and water during the Silurian period. The land con- 
sisted, of course, of those strata which, being more ancient than 
the Silurian, were pushed above the level of the waters by the 
convulsion which preceded the period of tranquillity during which 
the Silurian strata were deposited. 

229. If, therefore, the extent and limits of the Silurian deposit 
could be certainly and detinitely ascertained, the problem would 
be solved ; but independently of the knowledge, more or less 
imperfect, which direct observation has supplied as to the extent 
and limits of this deposit, some uncertainty attends the identi- 
fication of the various strata to wliich the name Silurian is 
properly given, by their mere mincralogical characters. It has 
been already explained, that strata of simultaneous deposition 
vary in their mineralogical characters from jdace to place, those 
which have been deposited in one part of the w^orld consisting of 
mineral constituents wholly different from those which liavo been 
deposited at the same e))och elsewhere. 

230. The doubt which this raises, however, has been removed 
by the light thrown upon geology by fossil zoology and botany. 
If the mineralogical characters of contemporaneous str^ita be 
doubtful, there can be no uncertainty as to the zoological 
character of their fossil contents. 

Although it be true that many of the genera of animals and 
plants, deposit(5d in strata of different dates arc common, this is 
not the case with the species which, with a ery rare exceptions, 
are peculiar to each period. If, therefore, the observer, guided 
merely by the mincralogical character of the strata under examina- 
tion, be uncertain as to its date, his doubts will disappear ujmn 
a duo examination of its organic deposits. No other than the 
strata of one particular epoch can contain the same combination 
of species of animals and plants. 

231. But the aid afforded by the organic deposits is not limited 
merely to the determination of the date of the strata. They also 
supply the means of determining, wdth mu(;h greater precision 
than can be obtained from the mere mineralogic^al constituents, 
the outlines of land and water. It is known that certain genera 
of animals can live only in the tranquil bottoms of deep seas ; 
there they live and there they die, and there their remains are 
buried in the strata deposited by such waters. 'Where such 
remains, therefore, are found in the strata of the crust of the 
earth, such strata must have been at the epoch of its deposition 
at the bottom of a deep sea or ocean. 

232. The bodies of certain animals when dead and not dis- 
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membered, will float upon water. The remains of such would 
necessarily be washed upon the shore, and cast upon the coasts 
between high and low water-mark. There, upon the successive 
returns of the tide, they would be gradually covered with sand or 
mud, and would thus be buried in the strata to become future 
fossils. Where such remains are found, therefore, the strata 
must have been upon tlic very limits of land and water, upon the 
strand or coast surrounding continents or islands. If the floating 
bodies of su(‘h animals be dismembered, either by incidental 
fracture or by the voracious attacks of other living animals, 
their dismembered parts being, bulk for bulk, heavier than water, 
would sink, and in such cases would be deposited at the bottom 
of the sea. It must, therefore, be expected that such dis- 
membered remains would be sometimes found in the fossil state, 
in juxtaposition witli the comj)let(.‘ remains of animals which live 
exclusively in tlie bottoms of deej) seas ; and such, in fact, is 
found to be the case. Hut from these indications, rightly under- 
stood, no doubt can arise, since in no case is the entire body of 
sucli an animal found in such a position. 

233. Other marine animals live not on the very coasts of the 
sea, nor yet in very deep waters, but frecpient the littoral parts of 
seas and oceans, and in the bottom of tliese their remains are 
accordingly found. 

Witliout going, with any degree of tedious minuteness, into 
the zoological charact(*ristics of the several marine tribes, it will, 
therefore, be understood, that the deposition of the complete 
remains of certain s[)ecies can only take place on the coasts of 
seas and oceans between high and low water-mark, the deposition 
of others on the littoral parts, and of otliers again in the bottoms 
of deep seas. 

Thus, according to the varying zoological characteristics of the 
organic remains, the geologist is enabled to pronounce in a definite 
manner upon the outlines of land and ^vater. 

234. I'he bodies of dead animals and uprooted vegetables arc 
carried by the currents of rivers to tlieir embouchures, and are 
there deposited, mixed -with certain species of marine animals. 
Thus, the combination of fresh-water shells, land animals, and 
plants, with the remains of marine animals, are the sure indi- 
cations of the embouchures of rivers and estuaries. 

235. Having explained the indications by which the outlines of 
sea and land and the animal and vegetable kingdoms correspond- 
ing to them at each epoch of geological time can be determined, 
with more or less approximation, w^e shall proceed to relate the 
history of the earth, from the first appearance of animated nature 
upon it to the present epoch. It will, however, be convenient 
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previously to fix the sense of certain conventional terms necessary 
to be used in such a narrative, by which the eftects of the 
succession of terrestrial convulsions, and the intervals of geological 
time will be expressed. 

236. As has been already stated, the earth we inhabit has 
undergone a long series of convulsions, afiecting its entire sur- 
face, each of which has been succeeded by a long interval of 
tranquillity, during which, the waters, in a state of equilibrium 
and quiescence, deposited the solid matter suspended in them in a 
series of layers, and in each of these intervals the author of 
nature called into existence an animal and vegetable kingdom, 
resembling more or less the present. 

237. The intervals of time which elapsed thus between convul- 
sion and convulsion, we shall call geological 2 )eriod 8 , and the 
mineral strata deposited by the waters during such periods, we 
shall call geological stages. 

Unlike historic, geological time is therefore not measured by 
years and centuries. Its units are much more vast. Each of 
them is a period^ that is an interval of time, whose exact length 
is unascertained, but which must be considered as having an 
analogy, more or less close, to the interval which will have elapsed 
between the creation of the present animal kingdom and the epoch, 
whenever it may arrive, at which, it, like all those which pre- 
existed, shall be swept away. 

238. An analysis of the strata composing the crust of the earth 
has presented certain features, upon which geologists have founded 
a classification of the stages just mentioned. According to this 
classification, the stages, from the igneous rocks to the latest 
deposits, which immediate!)' preceded the appearance of the present 
state of things, have been resolved into six groups, denominated 
as follows : — 

1. Azoic formation. 

2. Palioozoic formation. 

3. Triassic formation. 

4. Jurassic formation. 

5. Cretaceous formation. 

6. Tertiary formation. 

239. The Azoic formation consists of groups of strata, the lowest 
of which reposes upon the igneous rocks. The Palmozoic formation 
rests upon the uppermost strata of the Azoic group, and in it, as its 
name implies, are found the first traces of organic life. The general 
stratigraphic characters of the other groups may be seen by 
reference to the tabular sections, of the Earth^s Crust, given in 
§47. 

The Palceozoic formation consists of five distinct stages, each 
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containing its own peculiar organic deposits. In like manner, the 
Triassic formation consists of two such stages, the Jurassic of ten, 
the Cretaceous of seven, and, in fine, the Tertiary of five; so that the 
whole fossiliferous portion of the earth’s crust may be considered 
as consisting of twenty-nine stages, each stage being a catacomb 
in which the remains of the preceding creation arc buried. 

240. The intervals of time during whicli each of these six for- 
mations were deposited, we shall call geological ages. Thus, that 
in which the Azoic formation was deposited we shall call the Azoic 
fl/ 7 e,'that in which the Paheozoic formation was deposited we shall 
call the Palceozoic agcy and so on. 

241. The lesser intervals during which the several stages com- 

posing each geological formation were deposited, and during 
wliich, as already stated, an animated world was created, lived, 
and was destroyed, we shall call geological jjc7no(ls. Thus the Palaeo- 
zoic age consisted of five denominated in their numerical 

order, from the earliest or lowest to the latest or uppermost, the 
Jirst Pala’ozoic period^ the second Palceozoic period^ and so on. In 
the same manner, the Triassic age consisted of two the 

f rst and the second. The Jurassic of ton counted from the lowest, 
or most ancient, to the highest or most modern, and the like of the 
other formations. 

242. Bince it will be necessary to make frequent reference to 
the various forms of animal life, which from period to period pre- 
vailed u])on the earth ; and such references must occasionally 
necessitate the use of certain technical zoological terms, it will be 
convenient for those readers w^ho are not already familiar with 
tlie elements of zoologj", to give a general outline of the classifi- 
cation of animals which w e shall ado])t. 

Naturalists have classed all the various forms of animal life 
into four primary divisions, denominated from their peculiar 
structure: 1. ^'ertehuata ; 2. A^aelata ; T. Mollesca ; and 
4. lUniATA.* 

24 d. Each of these primary divisions is resolved into a certain 
number of classes; each class is again resolved into a certain 
number of oituEiis ; each order is resolved into a certain number 
of oEiXEitA ;t each genus is resolved into a certain number of 
srKciES, and each species consists of certain vaiuettes. 

Here the classification terminates, the varieties being composed 
of individuals. Thus, if it bo required to determine the zoological 
character of any individual animal, it is first necessary to state 

* Much confusion prevails among the classifications adopted by natural- 
ists ; we shall, liowever, generally adliere to that of (luvier. 

t By an intermediate step, the oiders are sometimes first grouped in. 
families^ and the families subdivided into qaicra. 
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the variety to which it belongs, then the species of which this is 
a variety, then the genus of the species, then the order of the 
genus, then the class of the order, and, in fine, the great primary 
division to which this class belongs. 

244. The four primary divisions above mentioned are resolved 
into classes, as follows : — The Vertehrata into /owr, the Annulata 
into sixj the Mollusca into Jive^ and the Radiata into JivCy making 
altogether twenty classes, as shown in the following table. 
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CLASRKS. 


r 


EXAMPLES. 


’Maininifers 
Birds 
Reptiles . 
Fishes 


. , Mjiii, ass, dog, horse, whale. 

: '■ Eagle, s])arrow, cook, ostrich, duck. 
. I Tortoise, lizard, snake, frog. 

Perch, carp, eel, skate, sliark. 


Insects . 

1 Myriapods 
Arachnhles 
, (h'ust.‘ice{i . 


I Oirrhi})ods 
Armelidcs . 


Bee, grasshuj)])er, dea, butterfly. 
Scolopendra, lulus. Figs. 13o, 134, 
Spider, scoi'iuon, mite. 

Crab, lobster, shrimp. 

A natifa (animals which attach them- 
selves to sliips’ bottoms.) Fig. 3 35. 
Earth- w<tnn, leech. 


' Oephalopods . . . Octopus, cuttle-fish, nautilus. Figs. 9, 

I Gastropods . . . ' Snail, whelk. [1(>, 11, p. G‘J. 

Lamellibranchia (aceplialab Oyster, mu.ssel. 

I Brachiopods . . . , Lingula, terebratula, pentamerus. 

j ' Figs. 18, 1!), p. ()(). 

[ Bryozoa . . . ' Rcti(;ulipora. Figs. 20 to 23, p. 67. 


! F]chinodcrmata . . . Star-fish, sea-urchin. Fig. 136. 

Polyparia, or Zoojthytes . Coral, astrea. Fig. 137. 
Foraminifera . . . Figs. 104, 105, lOG. 

Amorphozoa . . . .'^^nmge.s, fungi. Figs. 138, 130, 1 40. 

Infusoria . . . Fig. 107. 


245. The Vertebrate division is characterised by an internal 
skeleton and a cerebro-spinal nervous system. It takes its name 
from the vertebral or spinal column, to which all the subordinate 
parts of the skeleton are attached. 

The Annulata have no internal skeleton, but in its stead a tegu- 
nientary covering, composed of movable rings, which gives them 
their characteristic form. Their nervous system consists of two long 
cords running longitudinally through the abdomen, twisted at inter- 
vals into knots called ganglions. The tegumentary covering, which 
is always annular, is sometimes hard and calcareous, as in the lobster 
and shrimp, and sometimes soft, as in the earth-worm and leech. 
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The MoUusca have neither internal skeleton nor articulated 
envelope. Their bodies are sometimes naked, but often protected 
by a shell. 

The lladiata, including the lowest forms of organic life, is a 
group consisting of classes so heterogeneous, that many naturalists, 
not following Cuvier, have difterently resolved them. They have 
in general no articulated skeleton, either internal or external, and 
scarcely exhibit the rudiments of a nervous system. Those to 
which the name lladiata is more properly applied arc composed 
of organs disposed radially around a centre or axis. 

Some naturalists have given to this division the name of 
ZoorirvTEs, from a Greek word, signifying the link between 
animals and vegetables ; while others have confined this latter 
terra to the Polyparia. 


. so on. in 
eriodsj the 
the lowest^ 
j like of th' 
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Fig. 18‘2. — ILI.USTllATIOX OF TUB ANIMAL AND VEGF.TAIILE KINGDOMS nrUINO TIIK 
TEKTIARV AGE. 

a. Palsiiotlicriiim magnum. r. Anoplothcrinni comnmiio. 

Ik rahootherium luimi.s. d. Crocodile. 


THE PRE-ADAMITE EARTH. 


CHAPTEE ] II. 

246. Derivations of tlie names. — 247. Exam])le.s of the classos. — 248. 
Number of fossil sjieeie.s. — 249. Their distrilaitioii in 29 stages. — 2,00. 
These stages corrospoml to 29 jit^riods. — 251. Siiceessive manifestations 
of creative jiower. — 252. First (‘.reatioii of organised beings. — 258. 
General view of the series of oatastrojdios. — 2.04. The Palaeozoic 
a^c : Murchison’s section of the corresj>omliii,g stages. — 255. How 
these are manifested iii ditferent parts of the m orld. — 256. Stratigra- 
jihical evidence of the distinction of th<^ stages.— 257. Five stages of 
the Faheozoic formation.— 25 J'. Vegetable hingdom of the raheozoic 
age. — 259. First Tal-Ko/otc rKUTon. — 269. Extent and limits of the 
seas. — 261. Character of the Fauna. — 262. Of tlie Flora. — 268. 
Tropical climate universal. — 204. No terrestrial animals. — 265. 
Inhabitants of the seas. — 266. Synopsis of tlie animal kingdom. — 
267. Exam])les — 26.S. Duration' of this ]teriod. — 269. Skcond 
Palaiozoic Pkrioi). — 279. Synopsis of the animal kingdom. — 271. 
Genera created ami revived. — 272. General character of the animal 
and vegetable kingdoms. — 273. Outlines of land and water. — 274. 
Elie de Beaumont’s Silurian maj) of Western Eur(,))e. — Third 
Palaiozoic Period : 275. Mineral character of the strata. — 276. 
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246. Since the technical names of several of the classes into 
which the principal divisions arc res(^ved will not he familiar to 
some of the readers of this tract, it may be useful to indicate the 
origins from which they are severally derived. 

Mammifers is from a Latin word, signifying the bearers of 
breasts or paps, and consequently is applicable to animals which 
suckle their young. 

Reptile comes from the Latin word repto^ I creep or crawl. 

Insects are so called from a Latin word, signifying the division 
of its body into segments. 

Myriapods is a Greek word, signifying thousands of feet, 
figs. 133, 134. 



Fi}^. 133. — Tlio Sculopcndra. — Examyde of the class Myriapods. 

Araehnida is taken from a Greek word, (apdxnj, arachne,) 
signifying a spider’s web. 

Crustacea is taken from a I^atin word (crmfa)j signifying a hard 
covering or crust. 

Cirrhipeds, or Cirrliopods as it is sometimes written, take their 



Fj{?. 131. — Tlio lulus. Ex.auiyde of the cla.ss Myriapods. 


name from a Latin word (cin7ii(s), signifying hair, the compound 
signifying hair-footed animals ; that is, whose members of loco- 
motion are hairs, fig. 135. 

Annelidos, as well as Annulata, is taken from a Latin word 
{annulus) y signifying a rlmj. 

Cephalopods is a Greek compound, signifying head-footed y or 
animals whose organs of locomotion are upon their heads, figs. 9, 
10 , 11 . 

Gastropods is likewise a Greek com 2 )oimd, signifying helli/~ 
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footed^ or animals whose organs of locomotion are attached to 
their bellies. 

Lamellibranchia is compounded of two Latin words, {JnmcUa^ a 



P’ig, 135. — Tlic AiKitifa (anitji:ils whicli tluMiisrhcii ti> slijpa’ bottoms). 

K.s.:iiii])le of the class Cirrhipuds. 


2 )late or leaf : and hranMa, a ////^,) the class including those 
animals which have gills or hranchia placed l)y pairs along the 
body, of a lamcdlated form. 

Acephala is also a Greek compound, signifying ahscncc of hauL 

llrachiopods is a Greek compound, signifying arm f ooted^ or 
animals whose nnanhers of prehension are also those of locomotion, 
tigs. 18, 19, § 71. 

Bryozoa, from the Greek word jSpuoy, a niossj^ sea-weed, figs. 20 
to 23, § 73. 

Echinodermata is a Greek compound, signifying sjjiny-sliinncd^ 
fig. 136. 

Poly pari a is another Greek compound, signifying produced hy 
polypes or corals, fig. 137. 

Foraminifera is a Latin compound, implying the existence of 
foramina, or openings in the partitions of the shells, figs. 100 
to 106. 

Araorphozoa is a Greek compound, signifying living things 
destitute of definite form, figs. 138, 139, 140. 

r> 9, 
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Infusoria is a Latin name, irai)lying the existence of this class 
of animals in vegetable and other infusions, fig. 107. 

247. Since many of the names of the genera and species of 
animals and plants would he unintelligible to a large portion of 



Fif. 1 iC.— The llolotlmria. Example of tlic class Echinodermata. 


our readers, while a full explanation of them would be incom- 
patible with the objects and limits of the jiresent tract, we shall 
generally adopt the expedient of giving a specific example of each 



Fig. lo7.— Polypes of the genus Asteroidcs. ENamplc of the class PolyiMiria. 

in a parenthesis after its technical name. In many cases, how- 
e\er, even this mode of illustration is not possible, since none of 
the species or genera of certain orders are familiar objects, and in 
many cases those which we shall have to mention have ceased to 
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exist, so that no analogous example can be found among the 
living classes. In such cases we shall endeavour, as often as 
convenient, to accompany the technical name with a figured 


Fig. ins. Fig. 139. Fig. 140. 



Examples of Amorphozoa. 

Fig. 138.— Cliona lluvenioyi (fossil). Fig. 1. — Cribrospongia reticulata. 

Fig. 140. — A p.art inagnifitil. 


representation of some species of the object. In tlie preceding 
table we hav(? accordingly given some familiar examples, and we 
now annex ligured illustrations of tho.se objects which may be 
supposed to bo the least familiar to ordinaiy readers. The 
references to the figures arc given in the table.* 

248. Geologists have ascertained the existence of the organic 
remains of about twenty-four thousand species of the different 
orders of animals, which they liave assigned to upwards of 
fourteen hundred and seventy genera. Of these numerous 
species none survive ; but we find in the existing animal king- 
dom about five hundred and fifty of the genera, the remainder 
being extinct. 

249. Until A^ery recently, it was considered by geologists that 
those twenty-four thousand fossil species Avere distributed through 
the strata of the crust of the earth, in such a manner that the 
great majority of them should be common to strata of very 
different dates of deposition, and that comjiaratively few were 
exclusively found in strata of a particular date ; these few being 
consequently called characteristic species^ inasmuch as they 
supplied to geologists certain tests, by Avhich the dates of strata 
left uncertain from •'their mineralogical character could be fixed. 
The elaborate researches of M. ITOrbigny, who has catalogued, 

* We must warn the reader that he must not understand that the 
example given in the pareutliesis is in every case an indiWdual of the 
species, or even of the genus, of the object to be illustrated. It will be 
more generally a specimen of the class or order. This is the only expe- 
dient that I can devise to popularise this part of our subject. 
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described, and located on the eartli’s crust, above eighteen thousand 
species of Mollusca and Radiata alone, have demonstrated that all 
the species found in strata of tlic same date, with extremely rare 
exceptions, are characteristic of these strata, being found there 
exclusively, and in no other strata of anterior or posterior 
deposition ; so that, instead of a few species only being cha- 
racteristic, it would appear that all the species are so, with 
exceptions so rare as to be altogether insignilicant. 

It appears, tlu'refure, that on the crust of the earth there is a 
sort of organic stratiheation, consisting of a series of superposed 
layers of animal remains, ea(;h of which contains a distinct 
collection of species, no two such layers having any species in 
common, save in v(Ty rare and exceptional cases, and that even 
these excei)tions may be satisfactorily explained as arising from 
accidental causes. 

250. Siii(;e twenty-nine such organic stages have been de- 
termined, it must be inferred that during the geological period 
corresponding to each of them, the earth was peopled by a 
collection of animals which had no previous or subsequent 
existence, and which constituted a distinct and independent 
creation. This inference is fully coniirmed by the fa(*.t, that on 
comparing stage with stage, we do not find the successive faunas 
passing one into the other by slow and imperceptible degrees ; but, 
on the contrary, we lind between those of every two successive 
stages, a distimd and uninistakeable line of sc^paration. In the 
superior layers of each stag(‘, the fauna peculiar to it totally dis- 
appears, as though it were annihilated by some universally 
destructive agency ; and it is not until we arrive at the lowest or 
first layer of the suect‘eding stage, that the lU'xt fauna appears 
not graduall}^ and successively, but suddenly and simultaneously 
over the whole extent of the globe, so far as geological observation 
has extcndc'd, and eveaywhere, from the equator to the poles, the 
same species are found in it. 

251. Hereupon two questions necessarily arise : AVhat are the 
physical causes which produced the total destruction of the fauna 
of the inferior stage, and the creation of that of the superior ? To 
the former a satisfactory answer is obtained, as we shall presently 
show, by the geological convulsions, the devastating eftects of 
which have been already freciucntly noticed in these i)ages. But 
when we seek the agency wliich twenty-nine times successively 
called into existence a ntw animal kingdom to replace that which 
was previously destroyed, we are compelled to acknowledge the 
limits of our intellectual powers, and to prostrate ourselves in reve- 
rence before tliat Omnipotence to whose agency alone these great 
creative acts can be assigned. There are limits which the human 
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mind cannot overleap, circumstances before which the march of 
intellectual research must be arrested, and ultimate facts which 
must be admitted without any human power of explaining them. 

252. When the temperature of the earth had cooled down to a 
point compatible with the maintenance of organised life, and its 
crust had thickened so as to give it comparative stability and 
permanence, it pleased the Omnipotent to eall into existence the 
animal and vegetable kingdom, that continued to live upon the 
earth during the Cambrian period, and was destroyed by the 
convulsion which closed that period, the remains of the species 
composing it being deposited in its strata. 

253. After this complete destruction of animal and vegetable 
life a period of repose ensued, after which the same Almighty 
Power at the commencement of the second Paheozoic or Silurian 
period, called into existence another and different animal king- 
dom ; different, at least, so far as regarded species, many of 
the genera being common to that of the previous period. The 
close of the Silurian period was signalised b}" a like catas- 
trophe, this second animal kingdom being similarly swept away 
and the earth again left unpeopled and destitute of vegetation. 
Another period of repose ensued, after which, at the commence- 
ment of the third Paheozoic or Devonian period, a third animal and 
vegetable kingdom was called into existence, and continued upon 
the earth during the Devonian period, at the close of which, in 
like manner, another destruction ensued, followed by another 
creation at the commencement of the fourth Paheozoic or Carboni- 
ferous period, and so on destruction following destruction, and 
creation following creation, during all the succeeding periods to 
that which immediately preceded the human epoch. The latest 
or fffth Tertiary period terminated like the others in a convulsion 
which swept from the earth all animal and vegetable life existing 
upon it, burying the remains in the highest layers of its crust. 
After a final period of repose, the present animal kingdom, in- 
cluding the human race, were called into existence, and the world 
as we see it commenced. 

The Falseozoic Age. 

254. The Palaiozoic formation, whether it be examined in 
reference to its mineralogical strata or the organic remains depo- 
sited in it, is resolved into five distinct stages. The researches of 
Murchison in England and Russia, those of M. D’Orbigny in 
South America, those of several eminent geologists in the United 
States, and the observations of M. de Verneuil in France, all 
xjoncur in establishing this division. 
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The stratification from the superior limit of the Azoic rocks 
upon which the Paloeozoic formation rests, to the upper limit 


Fig. 141. 



of the Carboniferous stage, delineated in 
section by Sir R. Murchison, is shown in 
fig. 141, as it is presented on the surface of the 
earth in strata variously inclined. The five 
divisions into which the whole formation is 
resolved are denominated, proceeding from the 
lowest upwards, the Cambrian (sometimes 
called the Lower Silurian), the Silurian, the 
Devonian, the Carboniferous, and the Permian. 

255. In the geological map of England by 
Sir R. Murchison, the stages succeed each 
other regularly throughout Wales and the 
western parts of England, where they appear 
in some places in concordant, and in others in 
discordant, stratification. They are traced 
scarcely less distinctly in Germany. The same 
regular succession of five superposed stages 
is seen in Russia and in Sweden from west 
to east, and extending in the same order 
to Central Russia. Along the slopes of the 
Eral, the stages being tilted upwards, are 
found, as may be expected, in a contrary order, 
the lowest being the most eastward, and the 
uppermost the most westward. M. D’Orbigny 
found the same regularity in South America. 

25G. The complete distinction of the stages, 
and the geological evidence of the convulsions 
by which they were rendered separate and 
independent, arc found in the fact that in some 
places ])articular stages are absent. Thus we 
sec in the United States the three first stages 
only existing in concordant stratification for 
hundreds of leagues, the lowest being absent. 
The same is observable in the department of 
Sarthe and the Manche in France. Elsewhere 
the Carboniferous and Devonian stages alone 
are found; as, for example, in the Pas de Calais, 
and in certain parts of Spain, or one only of 
them, as in Norway, Sweden, Russia, France, 
and some other countries. 

257. Upon a general view of the Palaeozoic 
formation and its component stages, there is 
evidence, founded on the indications which 
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have been already explained, that during each of the five suc- 
cessive periods the earth consisted, as at present, of continents 
and seas ; that the continents were clothed with vegetation ; that 
the seas were peopled by various marine tribes, some living at 
parts of great depth, some near the coasts, and others upon the 
shores between high and low water-mark ; and that even the 
crust of the earth was subject to the same gradual oscillations 
which are observed to exist at present in the north of Europe 
and in other parts of the globe. 

258. The existence of a vegetable kingdom in each of the five 
Palaeozoic periods is proved by the presence of coal in all the 
stages. That mineral is worked in Portugal in the Silurian 
stage. In Spain its richest mines are in the Devonian stage, 
and in Saxony it is worked in the Permian stage. These facts 
show, that though the coal-fields arc by far most prevalent in 
the Carboniferous, the other Paloeozoic stages furnish their share 
of that mineral to industry and the arts. 

Having thus taken a general view of the Palccozoic age, con- 
sidering its periods collectively, we shall now briefly notice the 
most remarkable circumstances attending these periods severally. 

vriisT i*alj:ozoic rKraoD. 

259. The first Palooozoic stage includes the group of strata of 
which the Cambrian system of Sedgwick and the lower Silurian 
system of Murchison are composed. It appears from an exami- 
nation of the strata, more especially those observed in North and 
South America and Bohemia, that a considerable time must have 
elapsed between the epoch at which this stage began to bo 
deposited on the subjacent Azoic rocks, and the commencement of 
the animalisation of the globe. Strata of immense thickness are 
everywhere found between the superior surface of the Azoic rocks 
and the first layers of organic remains, the formation of which, 
according to all the known laws of sedimentary deposits, must have 
occupied a great lapse of time. That these were deposited from 
waters which had a temperature too elevated to allow of organic 
life, is in the highest degree probable ; and it must be inferred 
that the creation of an animal and vegetable kingdom, or a fauna 
and flora, as they are called, was postponed until the temperature 
of the globe had fallen to a point not much above that of the 
present troincs. 

260. During this first Palocozoic or Cambrian period the waters 
of the ocean covered all that part Qf Europe extending from Spain 
to the Ural mountains, as well as a great part of North and 
South America. The shores of these seas can be traced, by the 
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means already explained, in the strata of England, Sweden, and 
Russia, and in those of the State of New York. The organic 
deposits show that, like the present seas, they were inhabited by 
the various classes of marine animals which are peculiar, some to 
shores within the play of the tides, others to littoral regions more 
removed, and others to the great de])ths of tlie ocean. 

261. The only Vertebrate animals of this period which have 
left their traces are some jdaeoid fishes, which belong to the family 
of Cestracions, of which the shark presents a living example. Of 
articulated animals there lived a great number of Trilobites 
(fig. 6, § 02), an order which at a period a little later became 
extinct. The forms of life, however, which most abounded 
belonged to the Molluscous and Radiated divisions. Tentaculi- 
feroiis cephalopods swarmed in the seas, the genera of some of 
which did not survive the period, and those of many disappeared 
before tlie close of the Paheozoic age. 

Molluscous brachiopods, marine gastropods, laracllibranchia 
(oyster and mussel), and bryozoa, existed in numbers more or 
less considerable. 

Of the Radiata there prevailed (‘chinodermata, asteroids, and 
numerous criiioids, a great numbcT of polyparia or zoophj^tes, and 
some amorphozoa. 

202. The remains of vegetation consist chiefly of some marine 
plants peculiar to the State of New York, described and figured by 
Mr. Hall, ('oal of this epoch, which can only consist of vegetable 
remains, is worked at Vallongo in Portugal. 

The remains of vegetation, as well as the visual organs of 
animals, show that light and air existed then as now. We have 
already noticed the structure of tlie eyes of Trilobites, and shown 
their analogy to those of insects and other Aimulata. 

263. It is certain, that not only at this first period, but at all 
succei'ding periods, until that which immediately preceded the 
present creation, the heat proceeding from the interior pre- 
dominated over the influence of solar radiation, in a sufficient 
degree to efface all isothermal lines, and to equalise the climate at 
all latitudes from tlie equator to the poles. Proofs of this will 
appear in the analysis of the fauna and fl(>ra of all the stages, 
since the same trojiical genera and families will be found de- 
posited in the strata at the line and within the] polar circle, as 
well as at all intermediate latitudes. 

26-1. In this first piTiod no terrestrial animals existed, although 
the land was clothed with a luxurious vegetation; at least no 
remains of such are found. The perishable nature of the insects, 
and many other Annulata, might have caused their disappearan^ce ; 
but, notwithstanding this, traces of such tribes are found in later 



FIRST PALAEOZOIC PERIOD. 


deposits, and it is probable that if land Vertebrates had existed, 
remains of them would be found. 

265. The seas, however, abounded with life, including animals 
of all the principal divisions, Vertebrata, Annulata, Mollusca, and 
Radiata. 

In the following table wo have given the genera of the animal 
kingdom during this period, exclusive of the Annulata. 


266. Sijnopsis of the Animal Kingdom {exclimive of the Annulata) in the 
First PaUeozoic Period. 
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267. Eighteen genera ot Trilobitcs existed in tlie first Palooozoic 
period, of which seven never re-appeared in any future period, 
and are consequently characteristic of the Cambrian stage. Some 
individual examples of other Annulata have been found, one of 
the most remarkable of which is the Nereites Cambriensis, fig. 5, 
§ 36. The number of species of the Mollusca and Radiata alone, 
exclusive of the other divisions, which are ascertained to have 
lived in this period, is 426. These have been catalogued and 
described by M. d’Orbigny.* 

268. The duration of this first world of animal and vegetable 
life may be estimated with some degree of approximation by 
the thickness of the deposits produced in its seas, which has 
been found in many places so much as 13000 feet. 

Its close is marked by the discordances of stratification which 
prevail between the Cambrian and the Hilurian strata, and it is pro- 
bable that the convulsion by which it was terminated, was tliat 
which raised the Morbihan system of mountains of M. Elie de 
Beaumont (208). 

* Prodrome de Palcoiitologie, vol. i. ]>. 1 — 26. 
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SECOND PAL^ICOZOIC pehiod. 

269. The convulsion which closed the preceding period was suc- 
ceeded by an interval of tranquillity of greater or less duration ; after 
which, it pleased the Omnipotent, by a second great act of creation, 
to clothe the land with vegetation, and re-people the earth. 

270. In the following table we have given, as in the former 
case, a synopsis of the generic forms of this new creation. 


A^l/nopsis of the Animal Khttjdom {eorcluitirc of the Annnlata) in the 
Second Pahvozoic Period. 
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As before, the only important traces of the Aunulata of this 
period Avhich remain, are the Trilobites, of which nineteen genera 
have been found. Of these, eleven are identical with genera which 
existed in the previous period, and eight are new. 

The total number of species of Mollusca and Itadiata which have 
been ascertained to have existed in this period is 418, which have 
been described and catalogued.* 

271. The only class of Vertebrates yet created were fishes, of 
w^hich eight genera existed in this period, all of the placoid 
family (shark). One of these bad existed in the previous period, 
the other seven being new. 

272. The remains of the vegetation consist of some genera of 
marine plants, found in the state of !New York, and figured by Mr. 
Hall. That the continents generally were covered with vegetation 
is proved by the traces of coal found in this stage at St. Sauveur. 

As in the former period, the animal remains are analogous to 

* rrodioiuc, p. 27 -'35. 
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those of the tropics at present, and were uniformly distributed 
over all latitudes to which geological observations have been 
extended, from the line to latitude 69^, from which it is inferred, 
that during this period the temperature of the earth was every- 
where tropical, and everywhere uniform. 

273. The outlines of land and water were not materially dif- 
ferent from those of the first period. It is probable, however, 
that the seas retired from a portion of the central part of Brittany, 
and advanced eastward, as well in Wales as in Cumberland, 
leaving in the west a larger portion of uncovered land. They 
extended, probably without interruption, from Europe to America, 
covered a great part of North and South America, as well as all 
that part of Europe which extended from Spain to the line of 
direction now occupied by the Ural mountains. 

274. An examination of the Silurian strata has enabled 
M. Elie de Beaumont to trace an approximate sketch of the 
outlines of land and water in AVestern Europe, from which the 
map given in fig. 142 was drawn. 

It appears from this, that there existed at this time two granitic 
tracts, one between Brest and St. Malo, and the other between 
Brest and Poitiers ; the former having the direction of the 
Finistere, and the latter of the Morbihan system, a neck of laud 
connecting them having the direction of the I^ongmynd system. 
These probably, therefore, owed their elevation to the three con- 
vulsions which produced these ranges severally. Other tracts of 
land existed in Cornwall, in Scotland, and in Sweden, as shown 
in the map, having the direction of the systems of Finistere and 
Longmynd. The granitic plateaux which include the Limousin 
and Auvergne were also then above the waters, and were con- 
nected with a much larger tract, extending from Toulon to 
Innspruck, This second Pahcozoic period appears to liave been 
terminated by tlie ellects of the geological disruption Avhich 
produced the Hundsruck system of Al. Elie de Beiiumont (209). 


TIITllD PAL.T.OZOIC PKllIOJ). 

275. After an interval of tranquillity as before — the land being 
divided from the waters — the earth was repoopled with new tribes 
and clothed with new vegetation. The strata deposited during 
this third palmozoic period have been denominated by Sir li. 
Murchison, Devonian, from the circumstance of their prevalence 
in that county. The principal mineralogical characteristic of the 
Devonian stage is the old red sandstone. 

276. The animal world, now called into life, consisted, so far as 
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appears by its organic remains of 156 genera (exclusive of the 
Annulate), of which 75 were new and 81 revived, having existed 
in the former periods. It appears from the following table that 
in this period the vertebrate animals were still limited to fishes, 
but their number was considerably increased, having consisted of 
only 8 genera in the preceding period, and of 26 in the present. 
This period was also signalised by the first appearance of reptiles, 
of which, however, one genus only, called the Sauro^derusy was- 


Synopsts of ihe Anhmd Kingdom (r.rclushe of flic Annnlata) during the 
Th ird Palceozo'ic Period. 
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created, being a large marine animal. Among tlie Annulata some 
genera of Tubicolous Aiinelidans appeared — so called from having 
lived in tubes. Among the Crustacea as before, were some genera 
of Trilobites, but the i)eriod took its prominent character from the 
vast numbers of cephalopods, gastropods, lamellibranchia, bra- 
chiopods, crinoids, and polyparia, which swarmed in the seas. 

277. The total number of species of mollusca and radiata alone, 
which existed in this period, as ascertained by the organic 
remains deposited in the stage, was 1198. These have been 
catalogued and described.* 

The seas nourished marine plants, the discovery of many of 
which is due to Mr. 11 all, of the United States. The continents 
were covered with a luxuriant vegetation, as appears from the 
rich deposits of coal found in the great basin of Sabero in Spain, 
which were long considered to have belonged to the succeeding 
period. The uniformity of temperature over the whole surface of 

* Prodrome d’Orbigny, 52 — 109. 
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the globe, is proved by the existence of the same animal and 
vegetable remains in this stage, in all localities to which geological 
researches have been extended. 

278. The configuration of land and water in this period has 
been determined on the principles already explained. The Hunds- 
ruck system of bfiic de Beaumont, directed W. 31'^ S., having 
raised up the Silurian stage, increased the magnitude of the 
islands which existed in the previous period, created new ones, 
and gave to their coast its own prevailing direction. This will 
appear by reference to the map (fig. 144) sketched by M. Elie de 
Beaumont, showing the probable outlines of land and sea in 
Western Europe in the succeeding period. A tract of land arose 
above the waters on the west of Frankfort, and another on the 
S.W. of Strasbourg, which was united with the former continent. 
The central plateau of France was extended to the Pyrenees. 
The space included between the two islands of Brittany, which 
previously existed, was now filled up, and being united with the 
land round Clierbourg formed one continuous tract, which was 
connected on tlie oik; side with the southern part of lOngland, and 
on the other with tlie limousin by Poitiers. The land constitut- 
ing the Scandinavian peninsula >vas also considerably increased. 
Upon several parts of this tract the Silurian deposits have never 
been since disturbed. 

279. The seas of this period covered Asia Minor, Spain, 
Belgium, Germany, and Russia, as far as the Ural chain. The 
land which now forms the shores of the Frozen Ocean was also 
covered by tliese seas. In the east they extended from Asia 
Minor to China ; in South America they covered all the tropical 
regions of Peru, Bolivia, and Brazil, and probably extended as 
far as the Falkland Islands, as is proved by the organic deposits 
found in all these regions. In North America they covered all 
the land which exte nds from Alabama to the state of New York. 
They also covered New Holland and A^an Diemen’s Land. Thus 
it appears that the Devonian sea extended in the Southern Hemi- 
sphere to o2^ of latitude, and in the northern to the polar circle. 


FOTJRTTr PAL.FOZOIC PERIOD. 

280. The convulsion which terminated the previous period 
destroyed 59 generic animal forms, which never again reappeared 
upon the earth, as well as 1198 species of Mollusca and Badiata, 
besides all the species of the other classes. After an interval of 
tranquillity the earth was again repeopled, and once more clothed 
with rich vegetation. The new animal kingdom called into 
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existence is shown in the following tabic, exclusive as before of 
the Annnlata. 

Synopsis of the Animal Kinffdom {cxclmivc of the Annulata) during the 
Fourth Palceozoic Period. 
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281. It appears that of former genera 99 were revived, while 
71 new ones were created, making the total number of genera 
then existing on the earth 170. Resides these, however, there 
were at least 3 genera of C^rustacea. This period was also 
signalised by the lirst unecpii vocal appearance of insects and 
Araehnida (scorpions) (fig. 143), the organic remains including 
besides Araehnida three orders of insects — the (^oleoptera (beetles), 
the Orthoptera (crickets, locusts, grasshoppers), and the Neiiro- 
ptera (dragon -Hies). 

282. Exclusive of the remains of animals of the other divisions, 
the number of species of Mollusca and Eadiata alone ascertained 
to exist in this period, is 1047, which have been catalogued and 
described by M. ])’()rbigny.* 

* Prodrome, j). 110 — 102. 
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Fig. 142.— Configuration and relative extent of land and water in Western 
EurojHi during the Silurian period. * 
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CHAPTEE IV. 

283. Outlines of land and water. — 284. Tlie vegetable kingdom. — 285. 
Coal dex>osits. — 28G. Convulsions which terminated the period. — 
Fifth Faljuozoic Period : 287. Composition of the strata — 288. 
Destruction of the fauna and flora of preceding period. — 289. Tlie 
new animal kingdom. — 290. Outlines of land and water. — 291. 


The dark parts are supposed to represent land. This map is repro- 
duced, with the permission of the author and publisher, from the Traite 
de Q-eologie of M. Beudant. 
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Changes of the continents. — 292, Character of the fauna. — 293. 
Absence of land animals — uniformity of climate. — 294. Geological 
convulsions. — ^Rbteospbct and Keoapitulation op thb Pal.s:ozoio 
AGE : 295. Commencement of animalisation. — 296. Prevailing forms. 
—297. Trilobites.— 298. Characteristics of the carboniferous stage. 
— 299. Carbonised vegetables.— 300. Fossil vegetable species.— 301. 
Their prevailing characters. — 302. Contrasted with the present vege- 
table kingdom in the same localities. — 303. Radiata of the carbon- 
iferous period. — 304. Crustacea and insects. — 305. Fossil scorpions. 
—806. Fishes of the carboniferous period.— 307. Fossil fishes dis- 
covered by M. Agassiz. Triassic Age.— 308. Triassic formation 
lies over the Palaeozoic. — 309. Geograj)hical configuration — Map of 
France in Triassic age.— 310. Vegetation. First Triassic Period : 

311. Outlines of land and water— cliaracter of animal kingdom. — 

312. Chelonian re]>tiles (tortoises). — 313. Foot-tracks of birds. — 
314. Synopsis of animal kingdom. Second Triassic Period : 315. 
Mineral character of this stage — animal genera created and revived. 
— 316. Outlines of laud and water — animal kingdom. — 317. Generic 
syno])sis. 


283. The convulsions which produced M. Elie de Beaumont’s 
system of the Ballons, pushed up certain parts of the Devonian 
stage, modifying the outlines of land and water, and augmenting 
the extent of the land. The map (fig. 144) represents approxi- 
matively the seas and lakes of this period as they existed in 
Western Europe, 

284. Arborescent ferns, with their beautiful lace-like foliage; 
slender Lepidodendrons, fig. 145 ; I-.ycopodiacea3 (club-mosses), 
with leaves as varied and beautiful as the ferns ; and gigantic 
Sigillaria, emulating the magnitude of the C-onifers, abounded. 

Assuredly no scenery upon the earth at present can convey an 
adequate idea of vegetation so luxuriant. Some of the moun- 
tainous regions of the torrid zone may convey a faint notion of it ; 
hut at the period to which wc now refer, this magnificent flora 
covered the whole surface of the land from the tropics to Melville 
Island, now the regions of eternal frost. 

285. By a dispensation of Providence, which cannot fail to 
excite sentiments of admiration and gratitude, this luxuriant 
vegetation of a remote epoch of the earth, flourishing countless 
ages before the creation of the human race, was destined to 
become for that race one of the most powerful agents of industry 
and civilisation. Buried in the earth by a long series of geo- 
logical convulsions, it was submitted to the process of carbonisation, 
and converted into those vast beds of mineral combustible which 
now supply the materials out of which art and science have 
educed not only the means of artificial light and heat, but also a 
mechanical agent whose influence upon the condition of mankind 
is incalculable. To these precious deposits of the carboniferous 
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period are, in short, due the physical agencies hy which the art 
of gas illumination, all the industries depending on the production 



Fig, 1-14.— Map of Western Europe in the Curhouit'erous period, sketched 
by M. Elie de Beaumont.* 


of artificial heat, and all the wonders effected by the steam- 
engine are due. 

286. It is to the close of this fourth Palmozoic or Carboniferous 
period, and before the commencement of the Permian deposits, 

* This map is reproduced from the Geology of M. Beudant, with the 
permission of the author and publisher. 
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that Sir R. Murchisoii assigns the date of the disruption of the 
earth’s crust, ■which produced the Ural chain of mountains. 



Fig. 145. — Lopidodendrou Stombergii. 


M. Elie de Beaumont assigns to the same epoch the convulsions 
which produced the system which he has designated that of the 
North of England (21 1), the prevailing direction of which is 
52 



FIFTH PALJIOZOIC PERIOD. 


N. 5° W., and S. 5® E. M. d’Orbigny assifjns to the same 
epoch the convulsion which produced the Chiquitean system of 
mountains in Bolivian Peru ; and to the disturbance produced by 
one or all of these simultaneous convulsions, may be ascribed the 
destruction of the whole animal and vegetable kingdom which 
closed this fourth Paloeozoic period, 

FIFTH PALJEOZOIC FERIOD. 

287. The strata which, in the regular series lie over the 
Carboniferous stage, have received the name of the Permian, 
from the Russian province of Perm, on the confines of Europe and 
Asia, which is traversed by the Ural mountains, this being the 
region in which the geological characteristics of this stage were 
first studied and determined by Sir R. Murchison. The com- 
ponent strata arc commonly known to geologists as those of 
the magnesian limestone and new red sandstone, in contra- 
distinction to the old red sandstone of the third Palosozoic or 
Devonian stage. That this stage has been separated from the 
carboniferous by a geological convulsion is rendered manifest by 
the discordance of the stratification in some places, and by the 
isolation of the stages in others, the Permian stage being found 
in some places without the Carboniferous under it, showing that 
it was there deposited in parts of the earth’s surface which were 
dry land during the Carboniferous period. 

288. The convulsion which terminated the Carboniferous period 
buried beneath its ruins nearly a hundred genera which never 
again appeared. Of the Mollusca and Radiata alone, exclusive 
of the other classes, 1047 species were destroyed by tliis catas- 
trophe. All the vast forests which covered the extensive tracts 
of land were similarly buried, and form, as already explained, the 
coal-fields now found in the Carboniferous strata. This catas- 
trophe was probably followed, as in the former case, by a period 
of tranquillity, during which a suspension of all animal and 
vegetable life took place. The seas, meanwhile, returning into 
their beds, the land was again divided from the waters, and the 
outlines of the new continents and islands became defined. The 
earth being thus gradually prepared. Omnipotence once more 
exerted its creative power, re-peopled the world, and clothed the 
land with vegetation. 

289. The new animal kingdom, as far as its remains inform us, 
consisted of eleven new, and forty-five revived genera, making a 
total of fifty-six. Two of these belonged to the class of reptiles, 
twelve to that of fishes, and the remainder to the inferior 
divisions of the animal kingdom, as shown in the following 
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synoptical table — exclusive, however, of the Annulata, whose 
numbers cannot be so certainly ascertained. 


Syriop^is of the Animal Khffdom {exclusive of the Annulata) during the 
Fifth Paleeozmc Period, 



j Genera. | 

Total. 

Created. 

Bevived. 

Extinct. 

Charac- 

teristic. 

i ^ /Mamniifers . . 

0 

i' ® 

0 

0 

0 

H H j Birds .... 

0 

! 0 

0 

0 

0 

“ 1 Koptilcs . . . 

L* 

! 1 

1 

1 

1 

> « Fishes .... 

12 

! 

4 

6 

3 

/Ccphalopods . . 
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1 0 

f; 
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0 

« I Gastropods . , 
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5 

1 

0 

LamcllibjTinehi.'i 
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10 

0 
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o I Brachiopods . . 

11 
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11 

:i 

0 

l^Bryozoa . . . 
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4 

1 

< /Kchinodormat}^ . 

1 

i 

1 

0 

0 

^ j Polyparia . . . 

2 

’ 1 

1 

2 

1 

5 I Foraminifera 

(» 

! 0 

0 

0 

0 

^ V.Amori)hozoa . . 

0 

0 

0 

0 

0 


')<; 

11 

45 

1 

6 ' 


290. The seas during this period covered most probably the 
space occupied by the chain of the Yosges mountains in Europe, 
extending in a direction nearly N.N.E., through Rhenish 
Bavaria and the Grand Duchy of Baden, into Saxony and 
Silesia, The identity of the species of organic remains found in 
these deposits in Silesia, England, and Russia, proves that the 
seas of this period which covered the central part of England, 
from Glamorganshire to Durham, communicated with those of 
Russia, where they extended in the direction N.N.W. between 
the Ural chain and Novogorod, from the 48® of latitude to the 
Frozen Ocean. 

They also covered Tasmania, in the Southern Ocean ; and pro- 
bably, therefore, extended over the entire surface of the earth 
from the 43° of south to the 80^ of north latitude. 

In the western part of ciontinental Europe the outlines of 
land and water did not undergo any remarkable change. The 
great central plateau of France formed a large island, which 
extended to the south as far as the Pyrenees, as is indicated by the 
terrestrial plants now found in the deposits of Loddve, in the 
department of Herault, in France. The remainder of continental 
Europe consisted chiefly of a tract of land in Brittany. In 
England, besides parts of Devonshire and Wales, which were 
previously raised above the level of the ocean, a vast island was 
formed, extending N. 5° W. and S. 5° E., consisting of land forced 
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above the Carboniferous seas, and surrounded east and west by 
the waters of the Permian seas. 

291. The Ural chain was also further heaved upwards, so as 
to form the series of mountains which now exist. In South 
America the continents were also considerably increased in extent 
in the west. The Chiquitean chain extended over some hundred 
leagues, from Brazil to the eastern extremity of the Andes. 
South America appears then to have had the form of a vast tri- 
angle, the length of which, from north to south, extended over 
35° of latitude. 

While the land underwent but little change in France, it was 
enlarged both in England and Russia, towards the east, by a 
considerable portion of the Carboniferous stage not covered by 
the waters of the Permian sea. 

292. The fauna of this period were almost exclusively marine, 
a few, perhaps, being iluviatile. The two genera of reptiles were 
both iluviatile and marine. The fishes belonged to the Placoid 
and Ganoid families, of which the shark and sturgeon are living 
examples. Among the Mollusca, certain species of oysters first 
appeared in this period. 

293. Although the organic remains present no traces of land 
animals, it is nevertheless probable tliat thej^ prevailed upon the 
continents at least as extensively as in the previous period. 
M. Brongniart considers the vegetable fossils of this period to hold 
an intermediate place between those of the previous and succeed- 
ing periods. The marine fauna found in the Old and New World 
from the line to the 80° of latitude being identical in its character, 
demonstrates that central heat still neutralised the efiects of solar 
radiation, so as to efiacc all isothermal lines, and that over the 
entire globe a tropical climate prevailed. 

294. This period, like the others, was tormented by geological 
convulsions, of which the traces are found in the discordance of 
the stratification and the increased elevation of the immense 
surface constituting the Permian formation in Russia, in the 
dislocation which produced the Netherland range of mountains 
and those of South W ales. The effects of these geological pertur- 
bations are altogether in accordance with the superior limits of 
the fauna and fiora of the Permian stage. 


hetkospect and eecamtulatio]^ of the paLaEozoic age. 

295. With the Permian period was closed the Palaeozoic age. The 
first assemblage of animated beings which peopled tlie earth in- 
cluded types of all the principal divisions of animal forms, but those 
of the lowest class most abounded. Thus, three animal and vege- 
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table kingdoms were called successively into existence, permitted 
successively to live, and were destroyed successively before any 
vertebrate animals superior to fishes existed, and even these were 
limited to the Placoid and Ganoid orders. o land animals had yet 
appeared. Reptiles made their first appearance in the fourth 
period, where they were represented, however, only by a single 
genus ; and even in the fifth and last period, no more than two 
genera existed, one of which had been revived from the preceding 
period. During the entire age, not more than sixty- seven 
genera of fishes existed, and two of reptiles. Of the superior 
orders of birds and mammifers none were yet created. 

296. The animal forms which most abounded were those of 
Tentaculiferous Cephalopods, Marine Gastropods, and Lamelli- 
branchia, Brachiopods, Bryozoa, Echinodermata, and Polyparia, 
commonly known as zoophytes. Of the divisions of Annulata in 
this age but little is known, owing, no doubt, to the perishable 
nature of their structure. One family, however, of Crustacea, 
Trilobites, appeared during the first and succeeding periods in 
such numbers, as to confer upon the epochs a distinct organic 
character. These fossils have been long known in England under 
the local and erroneous name of Dudley insects or locusts^ from 
their having been found in that district in such immense numbers. 
This remarkable family of Crustaceans did not survive the fourth 
Palmozoic or Carboniferous period, their principal development 
being in the Silurian and Devonian periods, which literally teemed 
with them. These crustaceans have no existing type, that which 
most resembles tliem being the Bopyrus, a small parasitical 
animal which attaches itself to the prawn, causing a large swelling 
in its body. 

297. The fossil trilobites are generally from one to six inches 
in length, attaining, nevertheless, in exceptional cases to two 
feet. They were protected by a crustaccous shell or case, com- 
posed of annular segments, jointed one upon the other like those 
of the lobster^s tail. This testaceous covering seems to have had 
a contractile power like that of the armadillo, since the animal is 
sometimes found more or less expanded, and sometimes coiled up. 
Owing to the absence of all traces of antennm or feet, it is sup- 
posed that these animals adhered to rocks like fuci, or collected 
together in masses, forming conglomerations. Some naturalists, 
however, assume that they had locomotive power in water, either 
by soft paddles which have disappeared, or by skulling forward 
by means of the flexible extremity of their bodies. From the 
peculiar structure of the mouth it has been inferred that they 
were carnivorous, preying on naked mollusca or annulata, with 
which their remains are sometimes associated. 
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The curious and interesting structure of the eyes of the trilobite 
have been already noticed (62). 

298. The most striking and imposing feature of the fourth or 
Carboniferous period of the Palfcozoic age, consists in the numerous 
accumulations of vegetable remains which are presented in the 
coal deposits in all parts of the world. As the science of Com- 
parative Anatomy has enabled the geologist to reproduce the forms 
and determine the habits and functions of the animal tribes 
which peopled the earth at these remote periods — in like manner 
the principles of Botanical Science have enabled him, basing his 
conclusion upon the visible structure of vegetable remains found 
in the coal beds, to reproduce, as it were, the vast forests of 
palms and arborescent ferns, the groves of conifers, and all the 
exuberant vegetation which nourished during the second, third, 
and fourth Palceozoic periods. 

299. The layers of pure coal consist altogether of carbonised 
vegetables ; and when it is considered that these strata are some- 
times sixty feet in thickness, it seems difficult to explain how an 
accumulation of wood, plants, and foliage could ever be produced 
in such enormous quantity. Though the vegetable remains are 
always in a carbonised state, the leaves often possess such tenacity 
as to be separable from the stone. These and the seed-vessels 
which are found in iron-stone, have in many cases undergone 
metallic impregnation, which has in no degree impaired the 
delicacy of their structure. The coal plants have been deter- 
mined to the number of nearly a thousand species, two-thirds of 
which are related to the ferns and the higher tribes of Crypto- 
gamia, the remainder consisting of conifers and some flowering 
monocotyledonous (having only one seed lobe), and dicotyledonous 
(having two seed lobes) trees ; numerous species, however, are 
still undescribed, and new forms are continually discovered. 

300. More than two hundred species of plants have been dis- 
covered in the British coal-mines, but far greater numbers are 
found in the Carboniferous deposits of Europe, America, Australia, 
and even Greenland ; and it is worthy of note, that in the coal- 
field on the shores of Lake Breton, fossil plants have been dis- 
covered identical with those found in the coal-mines of Northum- 
berland, though these deposits have been made in opposite sides 
of the earth. 

301. The prominent character of the vegetable kingdom during 
the Carboniferous period was the immense predominance of the 
vascular and higher tribes of Cryptogamic plants, with wliich 
were associated in a much less number, palms, conifers, cicadeee, 
and other plants approaching to the character of Cactea) and 
Euphorbiacese. Plants analogous to the tribes of Ductulosm 
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abounded, differing, however, both in genera and species from 
those which at present exist. Thus fossil Calamites, related to 
the equisetum or mare^s-tail, are found, which measure eighteen 
inches in circumference and thirty or forty feet in height, while 
the recent analogous species seldom exceed an inch in diameter 
and two feet in height. The fossil arborescent ferns called 
Sigillaria, measure sometimes fifty feet in height, having their 
summits covered with a splendid canopy of foliage. The foliage 
of the herbaceous species is extremely elegant, presenting endless 
varieties in their forms and in the skeletons of their leaves. The 
fossil arborescent club-mosses, called Lepidodendra (from a Greek 
compound signifying scaly tree), attain frequently an elevation of 
from sixty to seventy feet. Some of these trees have been found 
entire from their roots to their topmost branches. Their foliage 
consisted of simple linear leaves, spirally arranged round the 
stem. These leaves, in many cases, had been shed from the tree, 
the marks of their points of attachment never having been 
obliterated. In their external forms, the mode of ramification 
and the disposition of their foliage, they closely resemble the 
existing Lycopodiacem, or club-mosses. Notwithstanding the 
enormous disparity of magnitude between these latter and the 
fossil Lepidodendra, Brongniart has shown that both belong to 
the same family. The fossils were in fact nothing more than 
arborescent Lycopodiaceoo, analogous in magnitude to the largest 
existing pines, and forming extensive forests during the Car- 
boniferous period, beneath whose shade flourished the lesser 
ferns and associated plants now found with them in the same 
coal strata. 

»302. The contrast which such a flora presents with that 
afforded by the woods and forests which now grow on the sur- 
face of the carboniferous districts of England is as striking as the 
discrepancy between the zoology of the Pala)ozoic formation and 
that of the present day. 

303. Among the Itadiata of the Carboniferous period are enor- 
mous quantities of corals denominated, according to their several 
forms, tubipora, syringopora, catanepora, &c. Of the Echino- 
dermata, crinoids swarmed in such infinite numbers that entire 
strata are composed of their petrified remains. These species 
have also received names indicative of their forms, such as 
actinocrinus, cyathocrinus, and so on. 

Among the shells of the Carboniferous period are found innu- 
merable Foraminifera, which are detected in slices of Yorkshire 
limestone with the microscope. The upper strata of the moun- 
tain limestone of the lower Volga in Russia consist of masses of a 
minute species of fusulina, resembling grains of wheat. Entire 
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beds of mountain limestone or conglomerates are formed of shells- 
of Braohiopods, such as spirifers, Icptsense, &c. 

304. The Crustacea and Insects of the Carboniferous period 
have been less accurately ascertained than the other divisions of 
the animal kingdom. A few species of the fluviatile crustaceans, 
the Cyprides, are found in the coal deposits. Small crustaceans 
are also found in the iron-stone, whicli are referable to the 
limulus or king-crab, a genus which abounds in the seas of India 
and America. Dr. Mantell found in the iron-stone of Colebrook 
Dale several fossil beetles resembling the curculio or diamond 
beetle ; he also discovered the wing of a large neuropterous insect 
closely resembling a species of the living Corydalis of Carolina. 

305. With the insects imbedded in the coal strata are found the 
remains of those animals, to which they served as food. The fossil 
scorpion (fig. 143) already mentioned is an example of this. This 
fossil, which measures about two and a half inches in length, is 
embedded in coal-shale, with leaves and fruit ; the legs, claws, 
jaws and teeth, skin, hair, and even a portion of the trachea, or 
breathing apparatus, are severally i)reserved. It had twelve 
eyes, the sockets of which remain. One of the small eyes and 
the left large eye retain their forms, and have the cornea or 
outer skin preserved in a corrugated or shrivelled state. The 
hairy covering of the animal is also preserved, being neither car- 
bonised nor decomposed; the substance of which it consists, 
electrine, has resisted decomposition and mineralisation. 

306. Among the fishes which lived during the Carboniferous 
period, and which, as already stated, are exclusively of the 
Placoid and Ganoid families, some genera are worthy of note. 

Of the Sauroid fishes, two genera, one called the Megalichthys, 
is covered with enamelled smooth quadrangular scales, very 
thick, and nearly an inch wide. The head is protected by strong 
armour of enamelled plates. The teeth are large striated hollow 
cones. This fish was from throe to four feet in length. 

Another called the Iloloptychius, attained in some instances the 
length of thirty feet. The scales were thin and circular, varying 
from one to five inches in diameter. The head is surrounded 
with a sort of shagreen helmet, having a surface irregularly 
ridged. It has large teeth of great density, some conical and 
others long and slender. 

307. M. Agassiz has discovered about a hundred species of fossil 
fishes of the Devonian and third Palmozoic period, of which the 
most remarkable are the Cephalaspis, Pterichthys, and Coccosteus. 

The Cephalaspis — a Greek compound, signifying buckler-head — 
received its name from the head being protected by a buckler or 
shield. The plates which cover it are united in a single osseous 
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case. The body is covered with scales, those of the head being 
highly ornamented. 

The Pterichthys takes its name from two wings or lateral 
appendages, which, like the spines of the common bull-head, 
.were weapons of defence. The head and fore part of the body 
are protected by large angular escutcheons — two eyes are placed 
in front of the lateral spines. The species of these which occur 
in the British strata are from eight to ten inches in length, but 
specimens of still greater length were found in Russia by Sir R. 
Murchison. 


Triaasic A^e. 

308. Above the Pala)OZoic formation a group of strata has been 
deposited, called theTriassic formation (47), consisting of the new 
red sandstone, muschelkalk, and variegated marls, or marnes 
irisees of the French. This formation has been generally con- 
sidered as consisting of three stages. A scrupulous analysis of 
its composition, as well with relation to its fossils as to the condi- 
tions of its stratification, shows that, between the sandstone and the 
muschelkalk, there is no real distinction either geological or zoolo- 
gical. W e shall , therefore, here, following D’Orbigny, consider the 
Triassic formation as consisting of two stages only ; the first, or 
lower, called the Conchiferous ; and the second, or upper, the 
Saliferous, from the prevalence of salt-mines in it ; such, for ex- 
ample, as those of Salins, Lons-le-Saulnier, and Salzbourg. 

309. The configuration of the land in this, as in the former age, 
is traced by observing the outlines of the strata, and the distinc- 
tion of their organic remains. The convulsion which elevated the 
system of the Rhine (213) produced a general deluge, which de- 
vastated the earth, destroying altogether the vegetation which 
clothed it, and the races which peopled it in the last period of the 
preceding age. When the seas had retired to their new beds, and 
tranquillity was re-established, the outlines of land and water were 
defined. A great island seems then to have extended from the 
west of England across France to Austria, including Brittany, the 
Limousin, and Forez, throwing out two peninsulas, one towards the 
Pyrenees, and the other across the province of Burgundy (fig. 146). 

Another island coincided in position with Belgium, throwing 
out a peninsula to the south, which extended over the Vosges and 
the Grand Duchy of Baden, its direction being parallel to the 
range of the Black Forest. The land previously uncovered in 
England, extending from Cornwall through Wales to Cumberland, 
was probably increased by a large surface, extending from Derby- 
shire to Durham. With these exceptions, the land seems to have 
remained generally as it was in the Carboniferous and Permian 
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periods. Since the Permian stage in Russia is not overlaid by the 
Triassic, it follows that the Swedo-Russian continent, at the com- 
mencement of the Tri- 
assic age, extended over 
all northern Russia, 
from the Baltic to the 
Ural Mountains, and 
from the shores of the 
Frozen Ocean to the 
government of Saratov. 

310. A great change 
was produced in tlie 
character of the vege- 
tation compared with 
that of the former pe- 
riods. The arborescent 
ferns and tall equise- 
tacean trees which pre- 
vailed in such lavish 
profusion in the latter 
periods of the Palieozoic 
age, now existed in greatly diminished numbers, while the conifers 
and plants, analogous to the zamias and the cycadea^, tigs. 147, 148, 
formed an important feature of the flora, preluding the immense de- 
velopment which these classes underwent in the succeeding periods. 

FinST TRIASSIC PERIOD. 

311. By the catastrophe which terminated the Pala30zoic age, 
ninety-one species of Mollusca and Radiata, besides all the 
existing species of the superior classes, were destroyed, never to 
re-appear upon the earth. Seventeen generic forms also became 
extinct. When tranquillity was re-established, and land and 
water again became fitted for the maintenance of organised life. 
Almighty Power called into existence thirty-six new generic animal 
forms, and revived thirty-three, which formerly lived, making a 
total number of sixty -nine genera in the new animal kingdom. 
Independently of the species of the higher classes of animals, not 
so exactly ascertained, the genera of Mollusca and Radiata alone 
consisted of 107 species, * which have been catalogued and described. 

The marine littoral and fluviatile deposits have supplied the 
means of tracing the shores of the seas of this period, and prove 
them to have been subject to the same atmospheric and tidal 
influences as those which aflect the seas and oceans of the present 

* “ Prodrome d’Orhigny,” vol. i. pp. 171 — 178. 
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€poch. Among the remains of this period are eleven genera of 
saurian reptiles, of most singular forms, among which are in- 
cluded the Labyrinthodon, the restoration of which by Professor 
Owen is given in fig. 109. 

312. Chelonian reptiles (tortoises) now appeared for the first 
time, together with six new genera of Ganoid fishes. Crustaceous 
decapods, as well as acetabuliferous cephalopods (fig. 149), also 



Fijf. 140. — Ccratites uodosus (Fossil). 


appeared for the first time, besides numerous lamellibranchia 
and echinoderms. 

The Chelonians of this period are only known by the traces of 
their footsteps, which remain upon the rocks, figs. 108, 150. 



Fig. ISO.—Foot-priut of tlio Cliiruthcrium, a clielonian, or tortoise. 

313. Numerous birds probably existed in this period ; but, like 
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the chelonians, they have only left traces of their foot-prints (fig. 
110). In fig. 151, are the imprints of the three fore phalanges of a 



Fig. 101. — Foot-prints and marks of Rain-drops. 


hird, accompanied by the curious incidental impressions of rain- 
drops which liappened to fall at tlie moment the bird passed the spot. 


314. Synopsis of the Animal Kiuydom {exehtsivc of the Annulata) 
diu'iny the Fintf Triasslc Period. 
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SECOND TRIASSIC PERIOD. 

315. The mineral character of this stage has been variously 
denominated, red marl, keuper sandstone, and variegated marls. 

The effects of the perturbation which closed the Conchiferous 
period are visible in the discordances of stratification, as well as 
by the marked distinction between the fauna and fiora. 

The termination of the Conchiferous period was marked by the 
destruction of all the existing species, animal and vegetable, of 
which there were 107 species of Mollusca and Radiata alone. 
With that period twenty genera ceased to exist (314). The 
next act of creation was signalised by the appearance of thirty- 
five new generic forms, and the revival of fifty-nine, which pre- 
viously existed. 

316. The outlines of land and water continued to be nearly 
the same, but the seas were peopled with tribes different from 
those of the preceding period. Three new genera of reptiles, all 
of which were probably fiuviatile, appeared. The seas possessed 
two new genera of fishes and ammonites, and various other 
Mollusca were now first called into existence, giving a special 
character to the new fauna, which, with that of the first Triassic 
period, seems to constitute a transition system from the Palceozoic 
to the Jurassic age. 

No remains of the terrestrial animals of this period have been 
found ; but the land was certainly clothed with a luxuriant 
vegetation, of which numerous species have been preserved, as 
already mentioned, figs. 146, 147. 


317. Synopsis of the Animal Khtffdom {ea'dusivc of the Annulata) 
duriny the Second Triassic Period. 
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Fig. 147.— Zamia pungous. 


Fig. 14S.— Cycjas revoluta. 
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CHAPTEE V. 
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318. The close of the Triassic age is identified with the convul- 
sion to which M. Elie de Beaumont ascribes the elevation of the 
Thuringerwald system of mountains, including the Bcehmerwald- 
Gebirge, and the Morven ranges, the prevailing direction of which 
is W. 40“ N. and E. 40"^ S. M. D’Orbigny assigns to the same date 
and cause the increased elevation of all the eastern part of the 
Andes, included between the 5^ and 20*^ lat. S,, and having the 
direction W. 50° N. and E. 50^ S. By combining with these dis- 
locations the numerous discordances of stratification which are 
observed, we shall find causes abundantly adequate to the expla- 
nation of the total and sudden disappearance of the fiora and 
fauna of the Triassic age, to give place to the new creations of the 
succeeding one. 


The Jurassic Age. 

319. Upon the Triassic formation the Jurassic has been depo- 
sited, and is therefore the result of the next geological age. Many 
divisions of the strata composing this great formation have been 
proposed, some based upon the mineralogical characters of the 
strata, derived, however, in general, from observations more or 
less local, and others from an imperfect generalisation of prevailing 
fossils. We shall here adopt the analysis of this formation pro- 
posed by M. D’Orbigny. ‘‘ After many years of laborious obser- 
vation,” says that eminent palaeontologist, “during which we have 
only advanced from confirmation to confirmation, without encoun- 
tering any inconsistent facts, we have arrived at the conclusion 
that the Jurassic formation consists of ten stages, or superposed 
zones, limited and defined by their several fauna as distinctly as 
by their stratigraphical characters. In tracing them one after the 
other around various geological basins, we have ascertained that 
they are nowhere confounded, and that they represent clearly ten 
distinct epochs, one succeeding another in a constant and regular 
order. We have ascertained that the same succession takes place 
in the same order at all parts of the earth which have been sub- 
mitted to exact observation, and that they are therefore the indi- 
cations of the series of great geological phenomena which have 
been manifested during the Jurassic age.” * 

320. M. D’Orbigny has given to these ten stages names taken 
ohiefiy from the places, where their mineralogical characters have 
been most developed and observed. To avoid encumbering the 
reader with a nomenclature so complex, we shall here designate 
the stages according to their order of superposition, or what is 
the same, their dates of deposition, beginning from the lowermost 

* B’Orbigny, Palfiontologie, vol. ii. p. 419. 
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or earliest, and proceeding upwards to the uppermost or latest. 
It may, nevertheless, be useful to indicate the names given to 
them in the works of M. D’Orbigny and other French geologists, 
annexing the estimated average thickness of the stages. 


stage. 

Name. 

Origin. 

Thickness. 

Feet. 

X. 

Portlandian 

Portland oolite and limestone . 

200 

IX. 

Kirnineridgiau 

Kimmeridgc clay 

600 

VIII. 

Coralline . . 

Coral rag 

1000 

VII. 

Oxfordian 

Oxford clay .... 

600 

VI. 

Callovian . . 

Kelloway’.s rock . . . . 

600 

V. 

* Bathonian 

1 Bath oolite 

200 

IV. 

Bajocian . . 

1 Bayoux 

200 

III. 

Toarciiin . 

Thouars 

600 

11. 

Liasiau . . 

Lias 

600 

1. 

Binonmrian 

Semur 

; 1000 



j Total thicknc.ss . . . 

! 5100 


These approximate estimates of mean thickness are much below 
the real measures on the slopes of the Alps, the western declivity 
of the Vosges, and through all the series from Avallon to 
Tonnerre. 

321. In fig. 152 is presented a section of the Triassic and 
Jurassic formations extending from the Vosges to Sommevoire 
(Haute Marne), directed towards Paris,* where the series of strata 
is complete, the successive stages of each formation being marked 
with the Roman numerals. 

322. From an elaborate examination of the strata composing 
these ten stages in various countries and in different parts of the 
globe, it appears, that during the Jurassic age, the earth was 
subject to all the physical vicissitudes which are at present inci- 
dental to it. During each of the ten periods there were conti- 
nents and oceans. As at present, peculiar classes of marine 
animals inhabited the coasts, the deeper littoral parts, and the 
still greater depths of the ocean. Then, as now, there were sub- 
marine currents, waveworn shores, sheltered guKs and tranquil 
bays. The condition of the strata proves that during this age slow 
undulations of the crust, such as those which are now manifested 
in the Scandinavian peninsula (118), were frequent. This is espe- 
cially manifested by the state of the strata composing the 3rd, 
4th, dth, 6th, and 7th stages, at Chaudon, in the department of 
the Basses Alpes in France. 

323. The Jurassic age is distinguished zoologically from the 
Triassic age by the absence of forty-two genera, which became 

* For the continuation of this section to Paris, see § 396 and § 4$6.‘ ' 
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extinot in the latter^ and from the succeeding ages of the world 


Bommevoire-en-Der . . 


Douleva)it 


Cirey 

Blaise 


L’Ktoile 

Six-fontaincs .... 

i 


Marault . 

Chaumont 


Nogent 


Montigny . 
Dammartiu 


Bourboime'les-bains , . 


Fontenoy 



Fig. 162.— Section of the strata fiom the Vosges towai-ds Paris. 


by the absence of thiity-two orders of animals which had not yet 
appeared upon the earth, consisting of 
6S 
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Orders. 

Hammifers 11 

Birds .6 

Bmtiles 2 

Fishes 8 

Crastacea 2 

Insects 1 

Hollusca and Badiata 7 


32 


Boring this age nearly 300 new generic forms were called into 
existence, of which about 180 did not survive the age. This 
fauna consisted of about 4000 species, which were distributed 
among the ten periods, so that, save in very exceptional cases, no 
species are common to any two periods. Each period, therefore, 
had its own peculiar and characteristic animal kingdom. 

324. To illustrate this remarkable principle, which seems to 
have been adhered to in all the operations of creative power from 
the first animalisation of the globe to the present period, we here 
subjoin a tabular synopsis, showing the number of species 
MoUusca andRadiata found in each of the ten stages, and alsoth 
number common to two or more stages. 


Stages. 

Species common 
to two or three 
sttiges. 

Species limited 
to each stage. 

Totals. 

I. 

1 

173 

174 

II. 

1 

300 

301 

III. 

0 

288 

288 

IV. 

7 

596 

603 

V. 

11 

635 

546 

VI. 

26 

256 

281 

VII. 

87 

702 

739 

VIII. 

27 

628 

655 

IX. 

16 

183 

199 

X. 

8 1 

57 

{ (50 


129 ' 

3717 

' .‘{846 


But in the second column the same species is frequently 
repeated. Allowing for this, the total number of species which 
are found in more than one stage is only 56, or about 1| per cent, 
of the entire number, a proportion which is altogether insig- 
nificant, and which cannot be considered as impairing the general 
law that each period had its own specific fauna. 

325. From a general analysis of the facts, the following con- 
clusions may be deduced : — 

1st. That during the Jurassic age of the world about 4000 
specific animal forms lived, different from any which existed at 
any antecedent or posterior epoch. 

2nd, That this total number consisted of ten distinct groups, 
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which exigted severally during the ten periods of the Jurassic 
age, their remains being deposited in the ten superposed stages 
^ich compose the Jurassic formation. 

3rd. That each period, therefore, had its own special fauna, 
having nothing in common with the preceding or succeeding 
period. 

4th. That the species which, owing to accidental causes or 
erroneous designations, have been found in two or more stages, 
the number of which has been greatly overrated, do not in 
reality exceed l i^ per cent, of the total number of species dis- 
covered.* 

326. The geography of Europe in the Jurassic age has been 
traced and mapped with considerable precision by Messrs, Elie de 
Beaumont and D^Orbigny. The Jurassic formation, which has 
been well observed, and its limits determined, shows the 'extent 
and configuration of the seas, and consequently the outlines of 
the land. The Jurassic seas in AVestern Europe formed three 
principal basins, extending over certain ])arts of France and the 
eastern and southern parts of England. The form and limits of 
these are shown on the map (fig. E'iS), drawn by M. D’Orbigny, 
here reproduced with the permission of the author and publisher, 
which does not difier in any essential points from that of M, Elie 
de Beaumont (fig. 154), as will presently appear. 

^ 327. The Anglo-Parisian basin covering the north-west of 
I ranee and the eastern division of England, was limited in 
England by a line directed N.N.E. from Somersetshire to Durham, 
passing therefore through the counties of Gloucester, AVorcester, 
Stafford, Derby, and A^ork; all that part of England to the east 
of this line being then covered by the sea. 

On the other side of the Channel, the western shores of this 
basin passed across Normandy from St. Lo southwards to Angers 
on the Loire, It skirted the northern limit of the central plateau 
from Angouldme to Autun. On the north its shores were directed 
from Calais by Arras to Metz and Terdun, where they turned 
southwards to Chaumont. This basin communicated with the other 
two by two straits, one of which extended from La Rochelle to the 
eaatem part of Angoulcme, marked in the map as the Breton 
Strait, and the other from Chaumont to Autun, marked as the 
Belgi- Vosgian Strait. All that part of the channel east of Devon- 
shire constituted part of this Anglo-Parisian basin or sea. The 
entire province of Brittany in Prance was at this epoch dry land. 

328. The Pyrenean basin was limited on the north by the 
Breton Strait, and on the north-east by the central plateau, 

* D’Orhigny, Paleontologie, vol. ii. p. 426 . 
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whidi had been aboya the waters £roiii the earliest geological 
dates. The southern limits of this basin are not so well asoer- 
tained| but it is certain that it covered all that part of 
southern Europe, from the surface of which the chain of the 
Pyrenees burst upwards at a later epoch, and extended far into 
the Spanish peninsula. 

329, The third great European sea, called the Mediterranean 
basin, skirted the eastern side of the central plateau from the 
southern limit of the Vosgian Strait to Montpelier, where it was 
probably connected with the Pyrenean basin by another strait 
extending from Montpelier to Perpignan. This ancient sea 
extended in all probability to a considerable distance east and 
north-east, covering Provence and Dauphin6, all that part of 
Europe from which the chain of the Alps arose at a much later 
epoch, and all Piedmont, Switzerland, and Italy, with the excep- 
tion of an island in the department of the Var in the south of 
Prance, which was already dry land in the preceding age, and 
continued so. 

330. At each succeeding period of the Jurassic age, the shores 
of these seas retired from point to point within their preceding 
limits, so that their successive outlines formed a series of con- 
centric lines, one included within the other, the seas retaining 
their form, but contracting their dimensions. This series of 
changes is especially remarkable in the case of the Anglo-Parisian 
basin, where it is indicated on the map (fig. 153) by the alternate 
shadings in two different tints around the borders of the basin. 
The limits during the first Jurassic period are those marked 7, 
the second 8, the third 9, and so on, the last or innermost 
being 16. 

It appears, therefore, that each of the disturbances or disloca- 
tions, which terminated the successive periods, was attended with 
the effect of contracting the dimensions of these seas, either by 
the elevation of the surrounding land, or the depression of that 
which formed the bottom of the sea. The entire breadth of the 
zone of land, which being covered by the seas of the first Jurassic 
period was left uncovered by those of the last period of that age, 
is found to have been about a degree on the western declivity of 
the Vosges, It is a singular geological fact, that a succession 
of ten dislocations, each of which was sufficient to destroy the 
existing fauna and flora, should nevertheless leave unimpaired 
the general form of the seas, and that none of the more recent 
and more violent convulsions of the succeeding ages should have 

7 to 14 inclusive, are to be understood as indicating water, and the other 
parts land. 
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efi&oed the traces, by which the outlmes of the land and water 
during these snccessiye periods have been determined. 

331« It will be seen by reference to the section (hg. 152), that 
the series of stages from the Yosges towards Paris are still in 
concordant superposition, being yery nearly parallel and hori- 
zontal, or if they dip it is always towards the middle of the 
basin, as strata do when deposited at present in tranquil waters. 
Except some occasional faults, there are no yiolently inclined 
or disrupted strata either in the Anglo-Paxisian basin or north of 
the. Pyrenean. 

When, howeyer, the state of the stratification of these stages 
on the slopes of the Alps are examined, a yery different state of 
things is encountered. There we find them broken, and thrown 
into all inclinations, from the yertical to the horizontal; the 
obyious effects of the catastrophe, which in forcing up the great 
chain of the Alps burst through the Jurassic formation, disrupting 
its stages, and throwing them upon the declivities into all incli- 
nations. On examining the sections of the strata as they are 
ranged upon the slopes of the Alps, we find, notwithstanding the 
violence to which they have been submitted, the same regular 
succession of ten stages occurring in the same order as around the 
Anglo-Parisian basin, where they were deposited successively, 
and in a state of comparative tranquillity. All this indicates 
that for long intervals of time previous to the elevation of the 
chains of the Alps and Pyrenees, the region on which they now 
stand was covered by the Jurassic seas, upon the bottom of which 
the strata of the Jurassic formation were deposited, and that it 
was long after the consolidation of these strata, that the violent 
action of the fluid matter of the internal parts of the earth, 
breaking the crust, forced the igneous rocks which now form the 
Alps and Pyrenees through the disrupted Jurassic stages. 

332. Observations made upon the organic deposits of the 
Jurassic strata fully confirm these views. The shore lines of the 
Anglo -Parisian and other basins, those outlines marked on the 
map by the differently tinted shadings, are characterised by those 
shells which are deposited on the very borders of seas witliin the 
play of the tides. The deposits within these are those which take 
place in the deeper littoral regions, but those which are found 
upon the section of the strata disrupted upon the slopes of the 
Alps and Pyrenees, are the classes known to live only in the 
depths of the ocean. With the exception, therefore, of certain 
points giving coast indications, the Alps, or rather the space on 
which they stand, were in the midst of the Jurassic ocean. 

333. During this age the island of the Var, already mentioned, 
was considerably increased. The land of the Vosges and the 
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Black Forect were also augmented, as well to the west in the 
direction of Lorraine, as to the east in the direction of Germany, 
where several islands, left separate in the Triassic age, became 
united so as to form a single island or continent of considerable 
magnitude. But while in some places the land was thus in- 
creased, in others it was submerged. Thus the continental tract, 
which in the Palaiozoic age extended over France, between 
St. Malo and Lyons (see map of the Carboniferous period, fig. 148), 
was in this age submerged by the Breton Strait which connected 
the Anglo-Parisian and Pyrenean basins. Thus Poitiers and the 
surrounding region were alternately dry land and submerged by 
the sea, being submerged in the Silurian, dry in the Carboniferous 
period, again submerged during the Jurassic age, and finally 
raised to their present level. 

334. It will be also apparent hy inspecting the eharts of 
M. Elie de Beaumont and D’Orbigny, that the tract between 
Toulon and Innspruck, which in the Palieozoic age was dry 
land, was completely submerged by the Mediterranean basin 
in the Jurassic age, being subsequently raised to its present 
•elevation. 

335. Owing to the extent of the Jurassic deposits in Europe, 
and the clearness with which they are distinguishable from those 
which lie below them, the outlines of land and water during that 
age can be traced with nearly as much precision as the geogra- 
phical form of the existing continents. 

336. The Jurassic geography of central Europe will be further 
elucidated by the map of M. Elie de Beaumont, fig. 154, here 
reproduced by permission from the work of M. Beudant. 

The great Belgivosgian continent, a part of which only is 
included in the map of M. D’Orbigny, fig. 153, is here more fully 
represented. It appears that it extended on the north of the 
Mediterranean basin from Calais and Dunkirk to Cracow east and 
west, and from Wesel and Leipsic to Basle and Salzbourg north and 
south. By reference to fig. 142, 144, it will be seen that in the 
Silurian and Carboniferous periods fiaxony and Bohemia formed a 
large island, and that another extended from Frankfort to Arras. 
In the Jurassic age these became united by the upheaving of the 
land, and formed the Belgivosgian continent shown in figs. 153 
nnd 154. A well-defined coast then extended from Dunkirk 
to Metz, which, after passing round the two peninsulas, the 
Vosges and the Black Forest, reached Katisbon, Vienna, and 
•Cracow, where it was intersected by a strait directed N.W. 
•and S.E. 

An island existed between Toulon and Kice, and Corsica was 
xaised above the waters. 
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Fig. 154. '= — M. Elic de Beaumout’s map of Western Europe in the Jurassic Age. 

The Scandinavian peninsula remained unchanged since the 
Carboniferous period. 

337. The marine animals of the Jurassic age presented cha- 
racters strikingly different from those of the preceding epochs. 
The seas were now inhabited by monstrous animals endowed with 
vast powers of aquatic locomotion called Ichthyosauri, fig. 7, and 


* The dark shading represents land. 
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PlesioBanri, fig. 155, whose oar-like feet resembled those of the 



Fig. laa , — The Plesiosaurus. 


present sea-tortoise. These animals replaced the sauroid fishes 
of the Devonian period which long before had disappeared. It 
was also this age which was signalised by those flying saurians 
to which palffiontologists have given the name Pterodactyles (fig. 
156), or wing- fingered. All these monstrous tribes became oom- 



Fig. 156. — ^The Pterodactylc 


pletely extinct at the close of the Jurassic age. In fig. 161 (p. 1) 
we have reproduced, after Dr. Buckland, an illustration of the 
zoology and botany of this age. 

338. The producti had altogether, and the spirifers nearly, dis- 
appeared, but numerous terebratulae of other species took their 
places. The family of ammonites (fig. 8) which had commenced 
to appear sparingly in the Triassic age now abounded. 

This age was also signalised by the appearance for the first 
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time of the family of Calmars, which include the Belemnites 
and various new bivalve Molluscs. 

339. In the seas existed also madreporic reefs or islands similar 
to those which exist at present in intertropical regions (fig. 202). 
Lakes were numerous and were inhabited by tribes of fresh 
water Testacea, whose remains are now found in the Portland beds 
and elsewhere. 

340. Insects of the orders Diptera (flies, gnats), Hymenoptera 
(bees, ants), and Hemiptera (bugs, water scorpions, plant lice), 
Crustaceous Isopods (sow bugs), Tectibranche-Molluscs, Cirride- 
Brachiopods, free Crinoids, severa-Uy appeared in this age for the 
first time upon the earth. 

341. The vegetable kingdom presented none of the character- 
istics of the preceding. The colossal ferns and lycopodiaceae 
had disappeared, and had been replaced by new species of the 
same families. Conifers were abundant in the Lias period, with 
new species of Cicadeae. The fruit of a species of palm is found 
in the same deposit, as well as carbonaceous strata altogether 
different from those of the carboniferous period. The difference 
of the quantity as well as the quality of these vegetable deposits 
indicate in a striking manner the difterence of the extent of the 
continents of the two periods. 

This general account of the Jurassic age will render necessary 
only a very brief notice of its successive periods. 
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342, The geological convulsion which closed the Triassic age 
having destroyed the animal and vegetable kingdoms, and the 
tumult having been followed by a period of tranquillity, the seas, 
subsiding within their limits, deposited the strata which form the 
first Jurassic stage. These deposits, called by D’Orbigny the 
Sinemurian stage, from the circumstance of their great develop- 
ment in the neighbourhood of the town of Semur (Sinemurium), 
correspond with the lower lias of British geologists, the gryphite 
limestone of Dufresnoy, Elie de Beaumont, and Roemer, and 
the quadersandstein of other German geologists. 

The parts of Europe where this stage appears at the surface 
round the great Jurassic basins are shown upon the map (fig. 153), 
by the shading marked 7, being the external boundary of the 
series of concentric lines surrounding these basins. In England 
this stage is seen in a continuous zone, extending N.N.E. from 
Lyme Regis, through the counties of Dorset, Somerset, Gloucester, 
Worcester, Warwick, Leicester, Nottingham, and Lincoln. It 
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forms a semicircle in Yorkshire, directing its course to the Tees 
and Whitby. It will he apparent from the map that the course 
of this stage in England is only the continuation of its direction 
in Normandy. 

343, This stage is distinguished from the succeeding one by 
many and evident discordances, and more especially by the isola- 
tion of strata, the superior stage being in many places present 
without the inferior. An example of this is presented at Fontaine- 
Etoupe-Four, in the department of Calvados in France, where 
the second, third, and fourth stages rest in concordant stratifica- 
tion on Silurian rocks, without the interposition of this first 
stage. 

344. The seas of tliis period covered all the southern part of 
Western Europe from France to Sicily, and deposited their first 
stage upon the region on which the Alps and Pyrenees now stand. 
After the lapse of a long interval posterior to their consolidation, 
as well as that of many other stages subsequently deposited, the 
Alps and Pyrenees were forced by an internal pressure through 
the crust, which being broken, these with other strata were 
disrupted and thrown into various inclinations, some being 
rendered vertical, while others being compressed horizontally 
were bent into the form of undulations. 

Examples of these effects are numerous. One showing the 
first Jurassic stage thrown into a vertical position occurs at 
Gevaudan in the department of the Basses Alpes (fig. 158), and 
one showing the undulating form produced by horizontal com- 
pression occurs at Chaudon a Digne in the same department 
(fig. 159). 



Fig. 158. — Suction of tir«t Junussie 
stage at Gevaudau. 



Fig. 159. — Section of first Jurassic 
stage at Chaudon. 


345, After tranquillity was re-established, another fauna and 
flora was called into existence, a synopsis of which (excepting 
the annulata) is given in the following table 
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Synoj^sis of the Animal Kingdom (exclusive of the Annvlata) dui'ing the 
First Jurassic Period, 



Gejjkra. ] 


Total. 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

A • f Manimifers . . 

0 

0 

0 

0 

0 

gSlBmis . . . , 

0 

0 

0 

0 

0 

Mai Reptiles . . . 

1 

0 

1 

0 

0 

> K (Fishes .... 

1 

1 

0 

0 

« 

2 rCephalo{)odo . . 

' fi? 1 Gastropods . . 

4 

1 

1 

0 

0 

0 

0 

Ij -j Ijjiinellibmncliia 

20 

4 

10 

0 

0 

Q I Brachio])ods . . 

6 

2 

4 

2 

0 

SS [Bryozoa . . . 

1 i 

0 

1 

0 

0 

f Echinodcrniata . 

! 

1 

2 1 

0 

0 

< ! Polyparia . . . 

i 

2 

1 1 

1 

1 

S 1 Poraniinifem 

0 

0 

0 


0 

t Amoi-phozoa 

0 1 

0 

0 ; 

0 

0 


-IS i 

14 

:*,4 ; 


1 


The 46 genera of Mollusca and Radiata composing this fauna, 
so far as they are known, consisted of 174 species. 

34G. Among the reptiles which lived in these seas were the 
Ichthyosauri or great fish-lizards, already mentioned (fig, 7), 
which rivalled in magnitude the larg(?st whales of the present 
seas. Fishes of new species animated the coasts, and Ammonites 
(fig. 8), Belcmnites and Turrillitcs abounded. So many new 
forms signalised the commencement of a new era in animalisation. 

The order of Dipterous insects appeared for the first time. 
A new flora adorned the continents in which new species of 
Cicadecc and ferns predominated. 

347. The convulsion which terminated this period arose pro- 
bably from a subsidence of the beds of the seas, which, after the 
re-establishment of equilibrium, caused them to recover their 
former outline, their shores being only contracted within their 
former limits. 
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348. The deposits made by the seas of this period, called by 
D’Orbigny the Liasian stage, correspond with the middle lias or 
marlstone of British geologists, and the Belemniten-schichte of 
the Germans, The regions of its appearance are nearly the same 
as those of the preceding stage. 

349. When tranquillity was re-established, a new creation was 
called into being, a synopsis of the chief part of which is pre- 
sented in the following table : — 
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Synopsis of the Animal Kingdom (exchtme of the Amv^ta) dming the 
Second Jurassic Period. 

j Orkbra. j 

Charac- ' 
teriatic. ' 


0 

0 

0 

9 

1 

0 

0 

0 

0 


0 
0 
0 
0 

10 > 

The genera of Mollusca and Radiata alone consisted of at 
least 300 species. 

350. The seas swarmed with enormous Saurians in greater 
numbers than ever, including new varieties of the Ichthyosauri 
and Plesiosauri. The former had a fishlike form, and the latter a 
neck of enormous length, by means of which it could dart its 
mouth at a distant prey, its body still being immersed in the 
water (fig. 155). With these were associated the singular flying 
reptiles, called Pterodactyles (fig. 156). A vast variety of new 
species of fishes disputed the seas with swarms of Ammonites 
(fig. 8), Nautili, and Belcmnites ; while the coasts abounded in 
endless varieties of shells, such as Pterocera, Ditremaria, Inocer- 
amus, with Asteria, Ophiuri, Kchinodermata (fig, 160), and 
Foraminifera. 

351. Although all traces of terrestrial fauna have disappeared, 
in the remains of this period there can be little doubt that insects 
and other Annulata existed. Of Crustacea only[one genus, Coleia, 
has been found. 

352. The land was richly clothed with vegetation, consisting 
chiefly of ferns, cicadese, and conifers of elegant foliage, of which 
65 species are known. 




Mammifers 
Birds . . 
Roptilas . 
Fisnes . . 


^ r Cephaloijods 
g Gastropods 
S •{ Lamollibranchia 
^ I Brachiopods 
^ [ Bryozoa . 


^ [ Echinodcrmatii 
5 1 PolyiMiria . . 

S 1 Poraminifem 
^ [ Amorphozoa 


0 

0 

K) 

3 

U> 

25 

3 

{) 


Total. Created, j Revived. 


0 

0 

1 

22 

0 

2 

3 

0 


0 

0 

2 

7 

3 

14 

22 

3 

0 


Extinct. 


0 

0 

0 

10 

0 

0 

1 

0 

0 

0 

0 


84 
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CHAPTEE VI. 

TniRT) Jurassic I’eriod. 353. Mineral character of this stage. — 354, 
Synoi)Kis of the animal kingdom. — 355. Outlines of land and water. 
— 350. Land animals and yegetsition. Fourth Jurassic Perioj). 
357. Mineral character of the stage. — 353. Synopsis ol the animal 
kingdom. — 359. Land fauna. Fifth Jurassic Period. 300. Mineral 
character of the stage. — 3(51, {Synopsis ef the animal kingdom. — 
302. Fxamphis of the fauna. — 303. Traces of land fauna — Phas- 
colotherium ami Thylacotherium. — 364. Kxain])les of the flora. — 365. 
(Convulsion whicli closed the period. Sixth .1 urassic Period. 366. 
Mineral character of the stage. — 3(57. Synopsis of tiic animal kingdom 
— disa])i)earance of the Ichthyosauri. — 363. lleinarkahle changes in 
the outlines of land and water. — 3Gi). ExUmt of the Mediterranean 
basin — submersion of the great llussiaii continent. Seventh 
Jurassic Period. 370. Mineral character of this stage. — 371. 
Synoj)sis of the animal kingdom. — 372. Ch-eation of several orders of 
insects. — 373. Specific fiu'ins of Mollusca and Anniilata. — 374. Out- 
lines of land and water. — 375. Marine flora. — 376. Land animals. — 
377. Surprising peifection ofthefijssil forms — observmtionsof Pucklaiul 
and Lyell. — 378. Further proofs of the suddenness of tlie catastn^plie 
which terminated this period. — 379. Indication of tlie general ])re- 
valence of tropical climate. Eighth Jurassic Period. 330. Mineral 
character of the stage. — 381. Synopsis of the animal kingdom. — 33*2. 
Elevation of Kussia above the waters. — 3>^3. Character of the faur.a. 
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— 384. Land flora and fauna. — 385. Close of the period. Ninth 
Jurassic Period. 38C. Mineral character of the stage. — 387. Synop- 
sis of the animal kingdom. — 388. General character of the fauna. — 
389. Marine genera.— 390. Land animals. Tenth J urassio Period. 
391. Mineral character of the stage. — 392. Synopsis of the animal 
kingdom. — 393. Outlines of land and water — marine fauna. — 394. 
Close of the period. The Cretaceoua Ag^e. 395. Mineral char- 
acter of the Cretaceous formation. — 396. Section of the strata between 
the Vosges and Paris. — 397. Resolution of the formation into seven 
shiges. — 398. Nomenclature and thickness of the stages. — 399. Dis- 
cordance and isolation of the stages. 


THIRD JURASSIC PERIOD. 

353. The traces from which a convulsion closing the preceding 
period has been inferred, differ in nothing from those mentioned 
in the former period. 

The strata deposited by the seas of this period, called by 
D’Orbigny the Toarcian stage, from the town of Thouars 
(Toarcium), in France, correspond with the upper Lias of British 
geologists, the Brauner Jura, and Opalinusthon of the Germans. 
Its extent can be traced on the map (fig. 153), by the shading 
marked 9. 

354. The new creation, exclusive of the Annulata, is shown in 
tlie following table : — 

S^nopsiA of the Animal Kingdom {fjccluxhc of the Annulata) diiruaj the 
Third Jurassic Period. 





Geneua. 




Total. 

Created. 

Revived. 

Extiuct. 

Cliarac- 

teristic. 

[ Mammilurs . . 

0 

0 

0 

0 


Birds .... 

0 

0 

0 

0 

0 1 

ReptiIc^^ . . . 

(» 

3 

3 

3 

3 

Fishes .... 

11 

2 

9 

1 

1 

1 Cephahtpods . . 

7 

4 

3 

3 

3 

1 (xastropods . . 

\ liSiTuellibrnuchia 

17 

0 

17 

1 

0 

20 

2 1 

27 

0 

0 

1 Braciiiopods . . 

4 

0 

4 

1 

0 

1 Bryozoii . . . 

0 

0 

U 

0 

0 

f KchiuodennaUi . 

2 

0 

2 

0 1 

0 

1 Polyparia . . . 

:{ 

2 

1 

2 j 

2 

1 Foramiuifora . 

:i 

2 

1 

0 ! 

0 

[ Amorphozoa 

- 

0 

- 

0 

0 


84 

15 

60 

10 

9 


The Mollusca and lladiata consisted of 288 species. 

355. The outlines of land and water did not suffer any con- 
siderable change. Besides the genera of marine reptiles already 
mentioned, the strange forms of the Mistriosauri and Macrospondili 
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FOriiTH JUKASSIC rEKIOD. 

357. The strata deposited in this period, called by D’Orbigny 
the Bajocian stage, from the French town of Bayeux (Bajoce), 
correspond with the inferior Oolite of British geologists. Its 
course on the surface is indicated on the map (fig. 153) by the 
shading number 10. 

358. The animal kingdom of this period is shown in the 
following table : — 


Synopsis of the Animal Kinffdom (exclusive of the Annulata) during the 
Fourth Jurassic Period. 


A • fMammifers 
H 5 I Birds . . 
£ ^ ] Jlcj (tiles . 
> « 1 Fishes . . 


< I Ceplialopods . . 

« I Cl astro] (ods , . 

j - Ijamtllibranchia 
^ 1 linie.lno])odH . . 

^ [ Hryo/.oa . . . 

< /"Eeluiiodcrmatii . 

^ 1 roly])aria . . . 

S Foraiuiiufera 

(. Amor])ho/oa 


1 Gknkra. j 

1 

1 Total. 

Croated. 

Uovived. 

Extinct. 

Charac- 

teristic. 

c 

0 

0 

0 

0 

0 

f> 

0 

0 

0 

0 

0 

0 

0 

0 

5 



3 

1 

fi 


3 

0 

0 

21 

4 

17 

1 

0 

40 


34 

1 

c 

r, 

1 

4 

0 

1 0 

8 

8 

: 0 

1 

j 1 

14 

10 

1 4 

1 


1 

7 

i 31 

1 

1 1 

1 “ 

i 1 

1 1 

0 

0 

1 

[ :i 

1 1 

7 

0 

' 0 

1 320 

, 1 

i 4r> 

1 

Sf 

G 

3 i 


359. Of the terrestrial fauna of this period nothing is known, 
and a few plants only, consisting of Cicadese and doubtful 
Monocotyledons remain. 


FIFTH JURASSIC PERIOD. 

300. This stage, the Bathonian of D’Orbigny and D’Halloy, 
corresponds with the great Bath oolite, Forest marble, andStones- 
field slate of British geologists. 

301. When tranquillity was re-established after the catastrophe 
which terminated the fourth period, a new creation appeared on 
the earth, of which the chief part is shown in the following 
table : — 
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Synopsis of the Animal Kingdom {exclusive of the Annulata) during the 
Fifth Jurassic Period. 



Genera. 

Total. 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

[Ij ! { Matomifei's . , 

— 2 

2 

0 

0 

2 

H H J Birds .... 

0 

0 

0 

0 

0 

“ tf 1 Reptiles . . . 

5 

4 

1 

1 

1 

> « 1 Fishes .... 

21 

5 

IG 


3 

^ Cephalopoda . . 

5 

0 

5 

0 

0 

“ Gastropods . . 

25 

G 

19 -- 

0 

0 

Laniellibranoliia 

38 

4 

34 

0 

0 

0 Brachiopods , . 

G 

0 

G 

0 

0 

^ l^Bryozoa . . 

Hi 

9 

10 

2 

1 

^ r Echiuodcriuata . 

20 

G 

14 

1 

0 

1 I’olyparia . . . 

10 

S 

11 

4 

3 

5 1 Foramiiiifcra . 

5 

0 

5 

1 

0 

[ Amorphozoa 

10 

1 

9 

1 

1 


175 

45 

i 1.30 

17 

11 


362. An example of the polyparia of this period is shown in 
figs. 160, 161% 162. 

Fipr. if-i*. 


Side view. 

Fig. 1C2. Fig. mi. 



Upiicr surface. Lower surface. 

Anabacia orbulites (Polyi)ariaJ. 


Together with new species of Pterodactyles, fig. 156, there 
lived in the seas of this period not less strange reptile forms, to 
which the names rojcilopleuron, Teleosaurus, and Megalosaurus 
have been given. 
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363, A terrestrial fauna at length left traces of itsTexistence, 
Mammifers now presented their first traces. Two land monsters, 
referred to this class, found in this stage, have been called 
Phascolotherium and Thylacotherium. Specimens of the lower 
jaw of the former were found in the oolitic limestone of Stones- 
held. It is a small animal allied to the Marsupial family, and 
takes its name from the Phascolomys of New South Wales. 

364. A great variety of species of ferns, Cicadejc, and conifers 
have been found among the remains of this period, with a few 
Marsileaceie, I.yoopodiacea), and Equitace-.e. 



10} . — riilebopteris Pliillijisii. 


365. One of the causes which arc assigned to the catastrophe 
which closed this fifth Jurassic period, is the sudden sinking of 
the continent, which was elevated at the close of the palaeozoic 
age, and which extended over ( 'entral and Northern Russia. This 
vast tract was submerged during the sixth Jurassic period, and 
the ocean at the same time flowed over the entire pro\’iQce of 
Cutch in India. The sea also covered the department of the 
Sarthe in France. Effects of this disturbance are traced in 
France, even where no disturbance of strata exists by the state of 
the superposed littoral deposits. Its effects are also seen in the 
polishing of the superior strata at Lyons, showing the result of a 
long- continued action of the waters. In fine, these indications 
are confirmed by the complete destruction of the fauna and flora 
of the period. 

8r> 
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SIXTH JTTEASSIC PERIOD. 

366. This stage, called the Callovian, corresponds to the 
Oxford clay and Kelloway Rocks of the British geologists, from 
the latter of which it takes its designation. 

367. The animal generic forms which lived in this period, 
exclusive of the Annulata, are enumerated in the foUowing 
table : — 


Synops'lif of the Animal Kinr/dom {exclusive of the Annulata) during the 
Sixth Jurassic Period. 




Tot,al. 

Created. 

Gknera. 

Revived. 

Extinct. 

Charac- 

teristic. 


Mammifers . . 

0 

0 

0 

0 

0 


Birds .... 

0 

0 

0 

0 

0 


Reptiles . . , 

2 

1 

] 

1 

0 

> OQ 

Fisiies .... 

2 

9 

2 

9 


i 

Coplialopods . . 

0 

2 

4 

1 

1 

i 

I G:istr()]>{)(ls . , 

15 

0 

15 

0 

0 

■ s 

Lamellibranchia 


0 

31 

0 

0 

o ! 

1 Bnichio]>ods . . 

3 

() 

3 

0 

0 


[ Bryozoa . . . 

2 

0 

2 

0 

0 

i 1 

[ Eehinoderinala . 

n 

0 

11 

0 

0 

i j 

1 I’olyparia . . . 

1 

0 

1 

0 

0 

S i 

1 Foraminifera 

0 

0 

0 

0 

0 

< 

a 

[ AmorpUozoa 

0 

0 

i « 

0 

0 



73 

3 

70 

i 2 

1 _ 


It appears, therefore, that of the 73 genera which existed, 
only three were new, two of which were generic forms of Cephalo- 
poda, called Rhychoteuthis and Palacoteuthis. This period was 



Fig. 1G5. — Ammonite — Jason. 

remarkable for the prevalence of Ammonites, denominated Limula, 
Athleta, Jason (lig. 165), as well as the Trigonia elongata. Plica- 
tula peregrina, Astrea dilatata, and Terebratula Diphya. 

The Ichthyosaurus appeared for the last time in this period. 
368, The outlines of sea and land during this period under- 
went some remarkable changes. The convulsions which ter- 
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minated the fifth period raised the bottoms of the Breton and 
Vosgian Straits, so as to separate completely the Anglo-PaSrisian 
from the Pyrenean and Mediterranean basins, and thus to connect 
Brittany on the one side, and the Vosgian continent on the other, 
by two isthmuses. 

369. The Mediterranean basin extended across the Tyrol, and 
into Switzerland, as far as Soleure, and probably even to the 
Crimea. But the greatest change produced by this convulsion 
was the subsidence of the g^eat Russian continent, which had 
continued above the sea since the close of the palseozoic age, and 
the consequent extension of the seas of this sixth period over all 
Russia, from the 48th degree of latitude to the Frozen Ocean. It 
api)ears also from the organic remains of Mollusca and Radiata, 
that these seas extended on the south, without interruption, to 
the 9th degree of latitude, thus covering the entire extent of 
Asia, from the province of Cutch to the polar circle. 

SEVENTH JURASSIC PERIOD. 

370. The deposits of this period, called by D’Orbigny the 
Oxfordian stage, correspond with the upper strata of the Oxford 
clay, or the dark-blue clay of Oxfordshire and the Midland 
counties, the thickness of which in England, according to Lyell, 
is sometimes 500 feet. In the south-west of France, and in the 
Alps, it measures from 320 to 500 feet. 

371. In the following table we give a synopsis of the generic 
forms of this period, excepting the Annulata : — 

Symj)si8 of the Animal Kinffdom {cxchtsivc of the Annulata) during the 
iSevenih Jurassic Period. 


Gkneha. 


' Total. 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

A j / Mammifers . . ! 

0 

0 

0 

0 

0 

H t 1 UirdH .... I 

0 

0 

0 

0 

0 

C t Reptiles • . . ! 

U 

10 

1 

9 

9 

« l^Fishes . . . . i 

28 

14 

14 

18 

13 

^ / Cejihalopods . . j 

0 

r, 

4 

2 

2 

g 1 Gastropods . . ; 

21 

0 

21 

0 

0 

S ] Laiuellibranchia! 

41 

2 

09 

1 

1 

^ Braebiopuds . . j 

S 

0 

8 

0 

0 

VBryozoa 

4 

0 

4 

0 

0 

j ^ r Ecliinodermata . ■ 

22 

9 

! 

8 

7 

5 1 Polyparia . . . ‘ 

22 

0 

16 

! 4 

3 

j S ] Foramiiiilcra . 

0 

() 

i ® 

1 0 

0 

1 [Amorpliozoa 

10 

5 

I 

* 3 

2 

1S2 

01 

1 131 

45 

37 
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Of Crustacea 31 were created, all of which became extinct at 
the close of the period, so that the total number of generic forms 
ascertained to have lived is 213, of which 82 were created, and 
131 revived, exclusive of other Annulata, the existence of which 
has been determined but their numbers unascertained, 

372. This period is signalised by the first appearance of insects, 
of the orders Hemiptera (bugs, water- scorpions, plant-lice), 
Hymenoptera (bees, ants), and Lepidoptera (butterflies, moths), 
and of Isopodous Crustacea, and the prevalence of testaceous spon- 
gearia, pterodactyles, pycnodide fishes, and decapod Crustacea. 

373. Of Mollusca and Annulata of this period, 729 species 
have been catalogued, and 
the total number of species 
of all classes could not have 
amounted to less than 800. 

In fig. IGO is shown a 
specimen of the insects of 
this period, and in fig. 107, 
one of the Annelids. 

374. The seas retained 
their former limits ; those 
of the Parisian and Pyre- 
nean basins, however, re- 
tiring as before stated, so 
as to leave a new band 
of surrounding coast un- 
covered. They extended 
over the same parts of 
Europe, and were continu- 
ous on the one side to Asia 
Minor, and on the other 
into Russia, as is proved 
by the prevalence of the 
same marine species in the 
strata. The Breton and Vosgian Straits were still replaced by 
isthmuses. 

375. Adolphe Brongniart has enumerated a considerable as- 
semblage of marine plants of this period, consisting chiefly of 
Cryptogamous Algte. 

376. The continents were not less animated than the seas. 
Besides several orders of insects, and the generic reptile forms of 
the preceding periods, 10 new reptile genera were called into 
existence, including the Gnathosaurus, I’leurosaurus, Geosaurus, 
and Spondylosaurus, which, as well as new species of ptero- 
dactyles, abounded. M. Brongniart has also given a list of the 
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terrestrial flora of this period, which consisted in a great degree of 
doubtful monocotyledons. 

377. The sudden character of the catastrophes, by which from 
period to period the successive faunas and floras were destroyed, 
is strikingly illustrated by the perfect state in which the remains 
of many of the saurians have been found. Of those which were 
deposited in these strata, many must, as Sir C. Lyell observes, 
have met with sudden death and immediate burial, and the same 
indications are observable in the case of all the other stages. 
“ Sometimes,’’ says Dr. Buckland, scarcely a single bone has 
been removed from the place it occupied during life, which could 
not have happened had the uncovered bodies of these saurians 
been left, even for a few hours, exposed to putrefaction, and to 
the attacks of Ashes and other small animals at the bottom of the 
sea.” * Not only are the skeletons of the Ichthyosauri entire, 
but sometimes the contents of their stomachs still remain 
between their ribs, so that we can discover the species of fish on 
which they lived, and the form of their excrements. Not un- 
frequently there are layers of these coprolites (fossilised excre- 
ments) at different depths in the lias at a distance from any 
entire skeletons of those marine lizards, from which they were' 
derived, as if the muddy bottom of the sea received small sudden 
accessions of matter from time to time, covering up the coprolites 
and other exuviae, which had accumulated diiring the intervals. 
It is further stated, that at Lyme llegis, those surfaces only 
of the coprolites, which lay uppermost at the bottom of the sea, 
have suffered partial decay from the action of the water, before 
they were covered and protected by the muddy sediment that had 
afterwards permanently enveloped them.f 

378. The remains of cephalopods give like indications of 
sudden death. Numerous specimens of the Calamary, or pen- 
and-ink fish (Geotenthis Bollensis), have also been met with in 
these strata at I^yme, with the ink-bags still distended, con- 
taining the ink in a dried state, chiefly composed of carbon and 
but slightly impregnated with carbonate of lime. These, like the 
Saurians, must therefore have been promptly buried, for if long 
exposed after death, the membrane containing the ink would have 
been decayed. J 

379. The identity of the specific forms of the fauna of this 
period, in all latitudes, from 40° to the Frozen Ocean, shows that 


* Bridg. Treat, p. 125. 

t Lyell’s Manual, p. 327 ; Be la Beche, Geol. Res., p. 334 ; Buckland, 
Bridg. Treat., p. 307. 

X Buckland, Bridg. Treat., p. 307. 
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no difference of climates such as the present then existed. All 
had the intertropical character. 

EIGHTH JTIEASSIC PERIOD. 

380. The strata deposited during this period, called by 
D’Orbigny the Coralline stage, correspond to coral rag of British 
and German geologists. 

381. Exclusive of annulata, the following table represents the 
fauna of this period. 


Synopsis of the Animal Kingdom {exclusive of the Annulata) during the 
Kighth Jurassic Period, 




Total. 

Created. 

Genkha. 

Revived. 

Extinct. 

Cliarac- 

terUtic. 


Maniniifors . . 

0 

0 

0 

0 

0 

H H 

Birds . . . 

0 


0 

0 

0 

t6 < 

H « 

Reptiles . . 


0 

0 

0 

0 

^ A 

Fishes . . . 

1 

0 

1 

0 

0 


Coi)halopods 


0 

8 

0 

0 


Ga8tro]:)ods . 

i -•'i ! 

2 

2r. 

2 

0 

A ■! 

Lamellibrancrhit 

I 41 

2 

:h> 

2 

1 

iJ 

O 

1 Brachiopods 

! 4 

0 

4 

0 

0 


1. Bryozoa . . 

i 

0 

- 

0 

0 


C Eehinoderiiiata 

2i 

i .-> 

10 

1 11 

.‘5 


j Polyparia 

i 

1 2^; 

22 

20 

10 

S ' 

1 Koraminifera 

1 

1 1 

2 

1 

1 

< 

[ Aiuorphozoa 

0 

i 

G 

0 

0 

1 


ir.i 

1 .sri 

i2r> 

i 36 

24 


382. In Russia, all that tract which extended to the Erozen 
Ocean, and which had been submerged during the seventh period, 
was now again raised above the waters, and became land. In 
England, France, and Germany the general forms of the land 
remained the same, but their extent was augmented by the 
general retirement of the shores of the seas. 

383. The fauna of this period was remarkable for numerous 
polyparia of the coral class, by which reefs were formed similar 
to those which exist in the present seas. It was at this epoch 
that the Diceras, Nerinea, Purpurina, Hcmicidaris (figs. 168, 
169), Acrocidaris, Millecrinus, and Apiocrinus attained their 
greatest specific development. 

384. In the total absence of all organic remains of a terrestrial 
fauna, we must infer by analogy that the fauna of this must have 
been related to that of the antecedent periods. The flora, 
according to the observations of M. Brongniart, consisted of ferns, 
cicadem, and conifers of peculiar species. 
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385. Although, it is probable that the close of this stage was 
the result of a oouyulsiou which originated at some point distant 



llemicidaris crcnularis. 


from the range of geological observation, there are indications 
of some disturbance by the absence of the superior strata in the 
Alps, from Grasse to Gap, which may probably be connected 
with the catastrophe which closed this eighth period. 


NINTH JUJIASSTC rEUIOD. 

386. The deposits of this period correspond with the Ximme- 
ridge clay of the Britisli geologists. 

387. A general view of the fauna, with tlie usual exceptions, is 
presented in the following table. 


^Synopsis of the A nimal Kingdom {exclusive 


of the Annulata) daring the 


Ninth Jurassic Period. 


(Jknkka. 



Total. 

Created. 

Bevived. 

Extinct. 

Charac- 

teristic. 

' ' f IVlamuiifei’s . . 

0 

0 

0 

0 

0 ' 

S ? i nirds .... 

0 

0 

0 

0 

0 

g ^ 1 lic>i)t.ilc8 . . . 

7 

4 


4 

1 ; 

« i FiBlios .... 

7 


7? 

3 

» 1 

2 r Cophaloi)ods . . 


0 


0 

0 ; 

g I (}aatro]>ods . , 

IT) 

0 

15 

0 

0 

S -1 Lanicllibrauchia 

•M 

0 


3 

0 

Q I Bmcliiopods 

i 

0 


0 

0 

[Bryozoa . . . 

1 1 

j 

0 

1 

0 

0 

< f Echiuodermatii . 

1 

10 

0 

10 

1 

<1 i 

5 j Polyijaria . . . 

1 

0 

1 

0 

0 

S 1 Forainiuifera 

0 

0 

0 

0 1 

0 i 

lAniorphozou 

1 

0 

1 

0 j 

0 j 


7a 

4 

75 

11 

1 i 
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388. The close of the last period was marked by the final 
extinction of at least 36 generic forms. The four generic forms 
of reptiles which appear for the first time in this ninth period 
are the Stenosaurus, Streptospondylus, Emys, and Platemys, of 
which the Stenosaurus is peculiar to the period and characteristic 
of it, not re-appearing in the next or any subsequent period. Of 
the reptile genera of former periods, those which re-appear in the 
present, and finally became extinct at its close, are the Plesio- 
saurus, Teleosaurus, and Pliosaurus. • 

Independently of the species of the other classes which lived in 
this period, 186 species of mollusca and radiata have been cata- 
logued and described by M. D’Orbigny. 

389. The seas were circumscribed by nearly the same limits, 
retiring nevertheless a little within their former shores. They 
were inhabited by nearly the same assemblage of genera, the 
species being, however, altogether different. The cephalopods 
were not numerous, the prevailing marine genera consisting of 
gastropods, and lamellibrancliia. 

390. The land, independently of some revived genera, was 
inhabited by the saurian reptiles Stenosaurus and Streptosaurus, 
and by the tortoise forms, denominated Erays and Platemys, all 
of which were probably amphibious. 

No vegetable remains of this i)eriod have been found. 

TENTH JUn.VSSIC I’EiaOT). 

391. The deposits of this period correspond with the Portland 
beds. They lie generally upon the Kimmeridge strata of the 
preceding period. 

392. A general view of the fauna, with the previous exceptions, 
is given in the table on the next page. 

Of the mollusca and radiata 63 sj>ecies have been described. 

393. The seas of this period, like those of the former, preserved 
the general configuration of their outlines, still retiring a little 
within their former shores. The marine fauna among fishes was 
increased by the Meristodon, and among mollusca by the Cyclas. 
The principal saurians of the last period disappeared from the 
coasts, and were replaced by the (V3tiasaurus. This marine reptile 
must have rivalled the existing whale in magnitude, some speci- 
mens indicating a total length of 40 to 50 feet. The bones found 
in some strata in England, of somewhat more recent date, may 
have been carried up from the sea along the bed of a river by the 
tide, or the animal when living, as is often at present the case 
with existing cetaceans, may have wandered up the river, and 
dying, have been deposited in its bed. 
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^ynopals of the Animal Kingdom {exclvsiee of the Annvlata) during the 
Tenth Jur€L88ic Period, 


! 

i 

■ 


Genera. 



Total. 

Ci-cated. 

Revived. 

Extinct. 

Cliarac- 

teristic. 

1 • j f Mammifers . . 

0 

(I 

0 

0 

0 

iSSjBirds . . . . 

0 

0 

0 

0 

0 

' w « 1 Iteptilcs . . . 

‘J 

} 

1 

0 

0 

j « 1 Fishes .... 

0 

1 



1 

1 

! < [ Cophalopods 

?, 

1 

i 0 

' [i 

0 

0 

^ 1 Ciastropods . . 

r, 

i 0 

0 

1 

0 

% -i I;atnellibranchiii 

1(> 

' 1 

15 

0 

0 

Q Jirachiopotis . . 

(1 

i (1 

0 

0 

0 

lUryozoa . . . 

0 

0 

0 

0 

0 

< [ EdiintKiennata . 

o 

0 

2 

0 

0 

5 J Folypai*ia . . . 

1 

0 

1 

0 

0 

S 1 Foi-arniuifura 

0 

0 

0 

0 

0 

^ [ Ainorpljozoa 

0 

0 

0 

0 

0 

1 

.‘u; 

:! 

;;;> 

. 1 


3f>4, The close of this period, which marks the termination of 
the Jurassic age, is distinctly indicated by numerous dislocations 
and isolations of the strata, denoting upheavings and depressions 
in many regions. These phenomena demonstrate the complete 
separation of the last stages of the J urassic from the first of the 
succeeding age. M. Elie de Beaumont considers the catastrophe 
which raised the mountain systems of the Cute d’Or (215), of 
Monte Pila, and the Erzgebirge, the prevailing direction of 
which is W. 40^ S. and E. 40 ' N., as that which terminated the 
Jurassic age. 


The Cretaceous Ag'e. 

395. The group of strata to which geologists have given the 
name of the Cretaceous or chalk formation, being deposited upon 
the Jurassic group, must have been the result of the succeeding 
geological age. Its strati gra])hical limits, as we shall here con- 
sider it, are the Purbeck beds below, and the Maestricht beds 
above. Some British geologists, including Sir C. Lyell, place the 
former as the uppermost strata of the Oolitic formation; while 
others, including Sir If. de la Beche, give it to the Cretaceous 
group. By reference to the tabular section (47), it will be seen 
that the title given to this Cretaceous group must not be under- 
stood as implying that chalk is the exclusive character of the 
strata. 

The superior strata of this formation are not present in 
England, and hence they take their name from Maestricht, 
where they are most developed. 

94 



CKETACEOUS AGE. 


396. The complete series of strata of the Cretaceous for- 
mation, are found succeeding each other in their proper order in 
the continuation of the section given in fig. lo2. This conti- 
nuation, extending from Sommevoire and Vassy to Vertus, is 
given in fig. 170. The Cretaceous group terminates a little to the 
west of Yertus, and the Tertiary or succeeding formation appears 
from that point to Paris. We shall refer to this latter part of the 
section when we come to notice the Tertiary age. 



>. 


C3 


Fig* 170.— Section from Vassy to Vertus, being part of the great section 
from the Vosges to Paris. 


397. Proceeding upon observations and reasoning similar to 
those explained in reference to the Jurassic formation (322), M. 
D’Orbigny resolves the Cretaceous formation into seven stages, to 
which names are given, derived from tlie localities severally where 
the strata are most exposed at the surface, and where therefore 
they have been most observed. To avoid encumbering the 
memory of the reader with a nomenclature so complex, we shall 
here, as in the former cases, designate the stages by their nume- 
rical order, proceeding from the lowest upwards, and the periods 
of their deposition into which the Cretaceous age is resolved, also 
by their numerical order, proceeding from the earliest to the 
latest. 

398. It will be convenient, however, as in the former case, to 
indicate the names given to the stages and their approximate 
mean thickness severally. 
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, No. of 

1 stage. 

Name. 

Origin. 

Thickness. 

Feet. 

VII. 

Daniau . 

Denmark 

50 

VI. 

Sen on i, -in . . 

Sen (Senoncs; . , , 

Tuuraiuo 

1000 

v. 

Turoniau 

700 

IV. i 

Ccuoni.iuian . 

Mans (Ccnomuuuin) 

1000 

III. 1 

Albian 

1 Aube (Alba) . 

150 

II. 

Aptian . . 

A[»t (Apia Julia) . . 

700 

1. 

Nfocuinian 

Neufchatcl (Ncocoinum) 

8000 



Total . 

12200 


So that the total thickness of the formation is above 12000 feet, 
or 24 miles, the chief part being occupied by the first or lowest stage. 
The mineral composition of these stages will be stated when we 
come to notice them separately. 

390. While at some points tliese seven stages are found in 
regular superposition, in others particular stages are absent. 
Thus, while on the northern and eastern border of the Anglo- 
Parisian basin the series is complete, in other localities great dis- 
cordances of stratification are observed, as well by the varying 
dips of the contiguous strata as by tlic absence of one or several 
stages of the series. These are the grounds upon which the entire 
(h’etaceous formation is stratigraphically set apart from the 
Jurassic, and upon which tlu* seven stages into which it is resolved 
are inferred to be independent, and those conclusions are con- 
firmed by observations made upon the arrangement of the depo- 
sition of the organic remains, which appear to be distributed in 
seven distinct layers, corresponding with the stratigraphical 
limits of tlie sfaj’cs. 
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CHAPTER VII. 

400. Zoological character of the OrctaceoiLs age. — 401. Bistrilmtion of the 
species among the stages. — 402. Gteneial conclusions. — 403. Changes 
of the outlines of laud and water. — 404. Elie de Beaumont’s map of 
Western and Central Europe — gi’eat geograi)hical changes. — 405. The 
Pyrenean basin. — 400. Outlines of sea and land in Central Europe. 
— 407. Site of the Alps. — 408. Cretaceous geography of France 
and England — D’Orhigny’s map. — 409. Anglo-l’arisian basin. — 
410. The changes incidental to it from period to jieriod. — 411. Out- 
lines of the basin in England. — 412. Pyrenean basin — Mediterranean 
basin. — 413. Animal kingdom — uniform tropical climate at all 
latitudes. — 414. Prevalence of undulations of the surface — seven 
violent perturbations. First Cretaceous Period. 415. Dimensions 
and mineral composition of the stage — synoj)sis of animal kingdom. 
416. Reptiles of this period — Iguanodon and llylmosaurus. — 417. 
Flora of this period. Second Cretaceous Period. 418. Mineral 
character of the stage. — 419. Synopsis of animal kingdom. — 420. 
Outlines of land and water. — 421. Marine fauna. —422. Vegetable 
kingdom. — 423. Uniform tropical climate. — 424. Close of the period. 
— Third Cretaceous Period : 425. Mineral character of the stage. 
— 426. Synopsis of the animal kingdom. — 427. Outlines of land and 
water. — 428. Marine and terrestrial fauna. — 429. Close of the 
period. — Fourth Cretaceous Period. 430. Mineral character of 
the stage. — 431. Synopsis of the animal kingdom. — 432, Outlines of 
land and water. — 433. Marine fauna. — 434. Marine flora. — 435. 
Undulations of the ground. — 436. Close of the period. Fifth 
Cretaceous Period. 437. Mineral character of the stage. — 438. 
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Synopsis of the animal kingdom. — 439. Outlines of land and water. 
— 440. Rieh vegetation. — 441. Great extent of land in Russia, South 
America, and India — termination of the period. Sixth Cretaceous 
Period. 442. Mineral character of the stage. — 443. Synopsis of 
the animal kingdom. 

400. The Cretaceous age is zoologically distinguished from the 
Jurassic by the absence of upwards of 180 generic forms which 
existed in the previous age, and from the succeeding age by the 
absence of upwards of 500 genera not created until the succeeding 
one — these 500 genera consisting of 24 orders of animals, as 
follows : 


Orders. 

Mjimraifors ]1 

iJirds * . .. 5 

Bejjtiles 2 

Fishes 1 

Crustiicea 2 

Insects 1 


Mollusca and lludiata .... 2 

Total 


401. During this age about 270 genera were created, but it is 
by the specific forms that its fauna can be more distinctly cha- 
racterised. These consisted of about 5000 species, of which about 
700 belonged to the vertebrata and annulata. The manner in 
which the species of mollusca and radiata are distributed among 
the stages is as follows : — 


tStag-es. 

No. ill two or 
more sjiecios. 

1 No. limited to 
j e.ich staj;;c. 

Totals. 

I. 


! 844 

851 

11. 

S 

! 14S 

150 

111. 

8 

i 40*2 

410 

IV. 

8 

! S41 

849 

V. 

3 

377 

1 3S0 

VI. 

5 

! 1574 

1 1579 

VII. 

3 

i 03 

1 00 

1 


42 

4249 

1 4291 i 


The same species being repeated in the second column, a corre- 
sponding deduction from the total number of common species must 
be made, which will reduce the actual number of such common 
species to 21, being only a half per cent, of the total number. 

402. From a general analysis of the facts, the following 
conclusions may be inferred : — 

1® That there existed in the Cretaceous age above 5000 species 
of animals altogether distinct from those of the preceding and 
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following ages, and which therefore are characteristic of the 
Cretaceous age. 

2® That this total number consisted of seven distinct groups, 
which existed successively during the seven periods of the Cre- 
taceous age, their remains being deposited in the seven superposed 
stages which compose the Cretaceous formation. 

3® That each period therefore had its own special fauna, 
having nothing in common with those of the preceding or suc- 
ceeding periods. 

4® That the species which, owdng to accidental causes or erro- 
neous designations, have been found in two or more stages, the 
number of which has been greatly overrated, do not in reality 
exceed a half per cent, of the total number of species discovered. 

403. When tranquillity had been re-established after the cata- 
strophe which closed the Jurassic age, the changes which had 
taken place in the levels of the solid surface of the earth caused the 
waters to settle into new beds, and gave a modified outline to land 
and sea. The contours of the seas of this period are now shown 
by the forms and limits of the Cretaceous strata, subsequently 
raised above the waters. 

404. The outlines of land and water in Western and Central 
Europe, in the Cretaceous age, as sketched by M. Elie de Beau- 
mont, are shown in the map (fig. 171). 

The three great islands of the Jurassic age which appear in the 
map (fig. lo4), were now connected, and their coast-lines com- 
pletely changed. The northern part of Belgium was submerged, 
and Brussels, which in the former age was inland, was now on the 
coast. Arras, Calais, and Dunkirk, which were on or near the 
coast, were now at the bottom of a large gulf, in the midst of 
which was Baris, and at the southern part Tours. The town of 
Poitiers, which was situate in a strait, was now on the coast of 
the southern extremity of this gulf, which the reader will readily 
identify with the Anglo-Parisian basin so often referred to. 
London and Cambridge were at the bottom of this sea, the shores 
of which, bending westward, formed a bay, which might be called 
the gulf of Exeter, that city being at its westward limit. Oxford 
was on the coast of England, which, after jutting out eastward to 
a point near the site of Cambridge, turned northwards to 
Edinburgh. Holland and a large part of Prussia and Poland, 
including the cities of Amsterdam, Hamburg, Berlin, and 
Warsaw, were altogether submerged. 

An isthmus connected the central tract of France with Brittany, 
at that time part of a continent, which, extending across the 
channel, was continued to the extreme north of Scotland, being 
there probably united with the Hebrides. 

H 2 
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Fig. 171.*— Map of wostoru nud central Europe in tlic Crotacoous Ago, sketched by 
M. Elie de Beaumont. 


405. The Pyrenean basin, as will presently appear, did not exist 
at the commencement of the Cretaceous age, but subsequently to 
its third period reappeared, its waters covering the greater part of 
Spain, including Madrid, Burgos, and other towns, as shown on 
the map. Marseilles and Perpignan were at^the bottom of a strait 
which bounded the southern part of the great central tract. A large 

* The dark shading represents land. 
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island extended in the direction N.N.E. and S.S.W. from Brian- 
5 on to Innspruck* separated from the main tract by a strait which 
covered that part of Europe now occupied by Switzerland and 
the chain of the Swiss Alps. A local sinking of the land between 
Dresden, Prague, and Briinn, in the middle of Germany, produced 
an extensive lake in that country, which in the J urassic age was 
an uninterrupted tract of land. See map, fig. 154. 

406. The Vosges Mountains, previously washed by the ocean, 
were now completely enclosed !)}■ the continental tract which con- 
nected Bohemia with the central plateau of France. The sea, 
which covered so large a part of these countries, now retired, 
leaving Langres, Nevers, Autun, and Lyons within the land. The 
south-eastern coast of the great central continent extended from 
Cracow a little to the north of Vienna and Munich, both of which 
were covered by the Mediterranean basin, following Strasburg, 
Bdle, and Lyons, to Carcassonne, where the Pyrenean and Medi- 
terranean basins were connected by a strait between Perpignan 
and Bayonne. Bordeaux on the west and Avignon on the east 
were at the bottom of the sea. 

407. The future base of the chain of the great Alps was then 
marked by the island already mentioned, which appears on the 
map between Salsburg and Brian<^on, on which Turin, Trente, 
and Innspruck are now placed. Toulon was on an island to the 
south of this, and Corsica already formed an island further south. 
The chief part of Italy was at the bottom of the Mediterranean 
basin. The Scandinavian peninsula had remained nearly as in 
the Jurassic age. 

408. The geography of France and England during the 
Cretaceous age is shown upon a large scale and with more detail 
in the map (fig. 172), drawn by M. D’Orbigny and reproduced 
here by permission. In this map the seas are marked with the dark 
shading, and those jjarts which in previous ages were submerged 
are shown by three tints, indicated at the top of the map. The 
deposits of six of the successive periods of the Cretaceous age are 
marked as follows : — 

I 17 III 19 V 21 

II 18 IV 20 VI 22 

409. It will be seen that the borders of the Anglo-Parisian basin 
on the south-east were, as in the former age, gradually contracted 
from period to period, that of the first period (17) being outermost, 
the next (18) within it, and so on, one being within the other until 
the last period. This regular succession of deposits is observable 
to a certain point of the border near Severs, on the map, beyond 
which on south and west the exterior band of deposit is not, as 
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before, that of the first, but that of the fourth Cretaceous period 

( 20 ). 

410. The interpretation of this fact is evidently a change of 
relative level of the land along this border during the first four 
periods of the Cretaceous age. In the first, second, and third 
periods the border was subject to a gradually increasing depression, 
which after each period caused the shore of tlie sea to advance 
outwards, the shore of the second period (18) being outside that 
of the first (IT), that of the third (19) outside that of the second 
(18), and in fine that of the fourth (20) being outside that of the 
third (19). The consequence of this is, that the fourth stage of 
the Cretaceous formation along this part of the coast lies over 
and conceals the previous deposits forming the first (17), second 
(18), and third (19) stages. But after the fourth period the 
relative levels must have undergone a contrary change, causing 
the borders of the sea to have retired inwards, or eastwards, from 
period to period, so that between the fourth and fifth period a 
band of deposit of the fourth stage (20) remained uncovered, and 
after the next period another (21), and so on to the end of the 
Cretaceous age. 

411. The irregularity indicated above, as having taken 
place on the western side of the Paris basin, might have been 
expected to have continued across the channel, and to reappear 
along the English border of the same basin. Such, however, is 
not found to be the case ; for, as indicated in the map, the suc- 
cessive stages of the Cretaceous period from the first (17) to the 
last appear along the northern border of the basin from Dorset- 
shire to Yorkshire, succeeding each other in the same regular 
order as in the southern border in France. It would, therefore, 
appear that the undulation which produced the irregularity 
observable along the western border adjoining Brittany must 
have been littoral ; that is, in a direction at right angles to the 
iN’.W. and S.E. borders of the basin. 

412. An examination of the Pyrenean basin discloses a singu- 
lar state of things in accordance with that observed in the western 
border of the Parisian basin. The first three stages of the Cre- 
taceous formation are altogether absent from the Pyrenean basin, 
which only received the deposits of the four last periods. M. 
D’Orbigny has inferred from this that during the first three 
periods of the Cretaceous age, the ground upon which the Pyre- 
nean basin is placed was raised above the level of the sea, but 
that the convulsion which closed the third Cretaceous period 
caused it again to sink so as to be covered by the sea, and that it 
thus remained submerged during the last four Cretaceous periods. 
The border retiring from period to period is indicated on the map, 
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so as to leave band after band of the successive deposits each 
uneovered by the other along its !NE. border. 

In the Mediterranean basin all the stages are presented, though 
in an irregular and dislocated state. 

413. The animal kingdom during the Cretaceous age was de- 
stroyed and reappeared in each of the seven periods. To tlie 
terrestrial animals, such as birds, reptiles, and insects, and the 
marine animals included in the class of lishes, mollusca, echino- 
dermata, polyparia, foraminifera, and amorphozoa, which pre- 
viously existed, must be joined for this age cycloid and ctenoid 
fishes (salmon and perch), and various forms of foraminifera 
liitherto unknown. This age was also signalised by the prevalence 
of cirridated brachiopods, bryozoa and testaceous spongiaria. 
Ammonite shells also, of the most elegant and various forms, 
abounded, which disappeared for ever after this epoch. 

The presence during the entire Cretaceous age of the same genera 
and species of animals, from the line to the 56° of latitude on both 
sides of the world, prove that these regions, so entirely diflferent 
in their climate at present, had a uniform temperature, proceeding 
evidently from the neutralising efiect of the central heat of the 
earth, and w^hich temperature was tropical. 

414. Throughout the whole of this age, all that part of the 
earth to which geological research has been directed, was subject 
to the same slow and gradual undulations, as have been observed 
during the human period on the ^Scandinavian peninsula and 
elsewhere. 

On seven different occasions, however, more violent geological 
perturbations took place, which swept from the earth and seas 
every living thing ; and after these great catastrophes, when 
nature was tranquillised, Almighty power once more repeopled 
the land and the -water, clothing the former with new vegetation. 


rmsT cnp/rACEOiTs period. 

415. The great thickness of this stage, amounting at a mean 
estimate to 8000 feet, or above a mile and a half, shows that the 
duration of the period must have been considerable. 

The composition of the stage includes the Pur beck beds, Has- 
tings sand. Weald clay, and lower green sand of De la Beche, the 
Tilgate and Ashburnham beds of Man tell, and the Wealden or 
15th group of Lyell, 

The fauna, exclusive of Annulata, is presented in the following 
table: 
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FIRST CRETACEOUS PERIOD. 


Sf/nopsis of the Animal Kingdom {exclusive of Annulata) during the 
First Cretaceous Period. 



\ 



Genera. 


Cliarac- 

tttristic. 

Total. 

Created. 

Revived. 

Extinct. 

i < 

Mjimmifei's . . i 

0 

0 

0 

0 

0 

& 

Birds . . . . j 

‘j 

O 

0 

2 

2 

w « 

Reptiles . . . 

11 

.I 

f) 

9 

5 


Fisliea . . . . ' 

14 

1 

13 

4 

0 

d 

Cephalopods . ! 

ir, 

7 

8 

1 

1 


1 Gastropods . . i 

31) 

•» ; 

21 

0 

0 

j f I^atnoUibrancliia 

f.y 

J) 

41 

1 0 

0 1 

o 

Bnichiopods . . 

11 

1 

() 

0 

^ 1 

S3 

l^Bryozoa . . . 

13 

I ' 

10 

1 

0 ' 

< 

Ecliinodomiata . ' 

21 

: 10 

n i 

J* 

2 

i . 

Polj’paria . 

27 

1 12 

];> i 

*7 

« 

Q 

Foraiiiinifora 

J1 

4 

7 ; 

0 

0 1 


Araoiphozoa . ! 

8 

' 


4 ! 

2 



213 

70 j 

143 ! 

31 

IS 1 


One genus of erustacea. (Archa^ouiscus) being added, gives the 
total number of genera known as composing the fauna 214, of 
which 70 had not existed in any previous period. 

The two genera of birds called Palaiornis and Cimoliornis were 
wcblooted, and were the first of the Oi der which had yet appeared. 
The Arclueoniscus was of tlie order o 1 isopodous erustacea. 

Independently of the other classes, the number of species of 
mollusca and radiata alone catalogued and described is Sol. An 
example of the mollusca is given in fig. 15. 

41G. Among the reptiles of this period were two of monstrous 
size, the Iguanodon and Ilylajosaurus. The former, wliicli has 
taken its name from some remote resemblance to tlie Iguana, a 
land-lizard of intcrtropical countries, had a body as massive as 
tliat of the elephant, measuring, when full grown, about 30 feet 
in length. It was herbivorous, feeding on the foliage of the fern?, 
cicadeoD, and conilers, which constituted the flora of the period. 

The Hylooosaurus, scarcely less in magnitude, was also an 
herbivorous reptile.* 

Besides these, the coasts abounded in tortoises ; and reptiles of 
nine other generic forms, including the last of that strange class 
of fiying reptiles, the Pterodactyle, which never reappeared on the 
earth after this period. 

417. The land was richly clothed with vegetation. A catalogue 
of the plants has been published by M. Brongniart, who observes 
that the generic vegetable forms were nearly the same as in the 

* Mantell — Wonders of Geology — p. 437. 
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J urassio age, the cicadeiB, however, being less numerous in relation 
to the ferns. The flora consisted principally of cryptogamous acro- 
genous plants, such as the arborescent ferns, the marsileaceous, 
and equisetaceous classes ; of dicotyledonous gymnosperms, such 
as cicadesD and conifers, and of many of doubtful classes. 


SECOND CRETACEOUS PERIOD. 

418. The composition of the second stage of the Cretaceous for- 
mation corresponds nearly with the 14th group of Lyell, including 
the Speeton clay of Yorkshire. 

419. A generic summary of the fauna (excepting the Annulata), 
is given in the following table : 

Synopsis of the Animal Kingdom {exclusive of Annulata) during the 
Second Cretaceous Period. 





Geneua. 




Total. 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

J fMammifors , , 

0 

0 

0 

0 

0 

H H 1 Birds . . . . , 

0 

0 

0 

0 

0 

S K f Reptiles . . . 

0 

0 

0 

0 

0 

> « L Fishes .... 


1 


« 

0 

< r Cephalopods .' 

10 

1 

0 


1 

g 1 Gastropods . . 

PJ 

1 

11 

0 

0 

S Ijamellibranchia 

ill 

0 

! ni 

0 

0 

o 1 Braehiopods 


0 

;i 

1 

0 

[ Bryozoa . . . ; 

- 

0 


0 

0 

< f Echinodeniiata . 

ij 

1 

1 

0 

0 

^ 1 Polyparia . . 

4 


1 2 


2 

5 1 Foraininitcra 

0 

0 


' 0 

0 

^ t Aiiioridiozoa 

1 

0 

' 1 

i « 

0 


oy 

i « 

g:> 


3 


420. The outlines of sea and land in Europe did not differ 
much from their configuration in the preceding period. An island 
was formed on the present site of the Alps, extending from Castel- 
lane near Ifigue, in the department of the Basses- Alpes, to the 
department of the Hautes-Alpes. Sec map, fig. 172. 

421. The marine fauna differed hut little from that of tl^e -pre- 
ceding period, consisting of numerous cephalopods of singular 
forms (fig. 173, 174). 

422. That the land was clothed with vegetation is proved by 
the numerous remains of wood found in the strata. M. Brongniart 
has described a pine of this period, the cone of which measured 
ten inches in length, and an inch and three quarters in diameter, 
found in the bed of tho Marne near St. Didier. 
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THIKD CKETACEOUS PERIOD. 


423. The identity of the tropical species found in extremely 
different latitudes, as, for example, in France and at Magellan's 
straits, lead to the same inference, as in former periods, of the 
general prevalence of an equatorial climate at all parts of the globe. 



Fig*. 173. — Aucylocoras Matberoniauus. Fig. 174. 


424. The convulsion which closed this period was, according to 
M. D’Orbigny, that by which the Fuegian chain of mountains in 
South America, the direction of which was N. SO"". W. and S. 30® E., 
was raised. 


TTllRD OllETACEOUS l‘ER10D. 

425. The deposit of this period corresponds with the 13th or 
gault group of Lyell, including the dark blue marl of Kent, the 
Folkestone marl or clay, and Elackdown beds and green sand and 
chert of Devon. 

426. A view of the generic forms of the fauna is given in the 
following table : 


Sy^wps'ls of the Amnial Kingdmn {cxcluahe of Annulata) during the 
Third Cretaceous Period. 





Geneua. 




Total. 

Created. 

Revived. 

Extinct. 

Clmrac- 

teristic. 

f Mammifers . . 

0 

0 

0 

0 

0 

1 Bird.s .... 

0 

0 

0 

0 

0 

, Reptiles . . . 

0 

0 

0 

0 

0 

[ Fishes .... 

1 

1 

0 

0 

0 

’ Cephalopoda 

11 

0 

11 

1 

0 

Gastropods . . 

-7 

.3 

2t 

1 

1 

• Lamellibrancbia 

.*>s 

2 

3(5 

0 

0 

Brachiopods 

<; 

0 

(5 

0 

0 

Bryozoa . . . 

9 

3 

0 

1 

1 

r Echinodermata , 

IG 

0 

10 

2 

1 

J Poiyparia . . 

2 

0 

2 

1 : 

0 

1 Poraminifera 

9 

2 

7 

0 i 

0 

LAmorj>hozoa ’ 

4 

1 

3 

0 1 

0 


' 123 

! 18 

i 105 

6 1 

3 
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Adding two genera of Crustacese, the total number of generic 
forms in this period hitherto discovered amounts to 125, of which 
20 were new, and 1 05 revived. 

427. The outlines of land and sea were similar to those of the 
last period, except on the borders of the Anglo-Parisian basin 
between the departments of the Haute-Marne and Pas de Calais 
in France, which, hitherto uninvaded by the waters, were now 
submerged, which shows that the waters had advanced to the 
north in consequence of a subsidence of the ground in that 
quarter, Tlie sea also extended to certain parts of the Eastern 
Pyrenees and the Yar not previously submerged. 

On the other hand, certain parts previously submerged were 
now dry land, as, for example, in the department of Vaucluse and 
along the line of the Alps from Escragnolles in the Var to 
Grenoble, all of which were covered by the sea of the previous 
period. 

428. The seas were inhabited by fishes, Crustacea, and Mollusca, 



Fig. 175.— CyatLiua Bowerbaukii. Fig. 176. 


of numerous forms previously unknown, 
of this period is shown in figs. 175, 176. 
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FOURTH CRETACEOUS PERIOD. 


No remains of terrestrial animals of this period have been found, 
and the only traces of vegetation are the remains of wood on the 
borders of the basins, with a few plants found at Lyme Regis 
and elsewhere. 

429. Discordances in the strata indicate the convulsion which 
closed this period. 


FOUllTH CKETACEOirS I’EIIIOD. 

4.30. The fourth stage of the Cretaceous formation, called by 
M. D’Orbigny the Cenomanian, corresponds very nearly with the 
twelfth group, or upper green sand-stone of Lyell, including the 
Merstham tire-stone and the marly-stone, with chert of the Isle of 
Wight. 

431. The generic forms of the fauna were as follow : — 


S^itopsls of the Aii-hiial Kin/jdom [cxclmhc of A nnalata) diirinf/ the 
Fourth Cretaceous Period. 


(i KNKUA. 




Total. 

Created. 

Bevived. 

E.vtiuct. 

Charac 

teristii 


Mammifci-s , . 

0 

0 

0 

0 

0 

H H 

Birds . . . . 

0 

0 

0 

0 

0 

< - 
“ efi 

Beptilos . . . 

2 

1 

1 

1 

1 

> « 

Fislies .... 

S 

1 

‘-i 

0 

0 

< 

Ccplialopods 

10 

1 

0 

1 

0 

(fl 

Gastropods . . 

I>7 

4 

3;{ 

2 

0 

j ' 

Ijaincllibranchia 

,‘>0 

1 ‘‘ 

40 

‘J 

0 

o 

Brachi<»pods 

11 

1 1 

10 

2 

0 

1^ 

LBryozoa . . 

24 

1 « 

10 

5 

- 

< 1 

r Echinodermata . 

25 

r> 

20 


3 

% 1 

1 PolyjKiria . . . 

20 

10 

13 

7 

r> 

2 1 

Foraminifera 

14 1 

7 

7 

3 

3 

3' 

L Amoridjozoa 

18 1 

I 0 

12 

2 

1 



' 223 

I r>4 

100 

30 

15 


Among these a new genus of reptiles called the Raphiosaurus, 
and one of fishes called Dtodus, were included. 

432. The shores of the seas of this period underwent some 
changes, owing probably to a subsidence of the ground. They 
advanced in Belgium as far as Tournay. They covered also 
that extensive surface included between Fecamp and Tours, and 
between Tours and Bourges, submerging ground which had re- 
mained dry land since the close of the Jurassic age. They 
covered also the whole extent of the Pyrenean basin, from the 
department of the Loire Inferieiire to that of the Lot, and from 

109 



THE PRE-ADAMITE EARTH. 


thence to Spain and Portugal, which had hitherto remained dry 
land. In the Mediterranean basin the waters were limited to 
certain points, and from the prevalence of identical species of 
organic remains, it is probable that they extended in one 
direction without interruption to Mount Lebanon in Syria, and 
in the other into Germany, extending over "Westphalia, Saxony, 
Silesia, and Bohemia. 

The continents were somewhat extended on some of the borders 
of the basins, especially on the east of the Anglo-Paris basin in 
France, and upon its west in England ; but they lost extent by the 
advancement of the sea, as already explained, in Belgium. The 
land was also diminished by the submersion of a large tract in 
the west of France, extending from the Loire to Havre. 

433. The seas were animated by numerous fauna, consisting 
of fishes, new forms of Mollusca among the Gastropods and 
Lamellibranchia, and a great quantity of Brachiopods which 
formed extensive submarine banks. There were also innumerable 
varieties of Bryozoa, Echinodermata, and above all, of Poly- 
paria. Of all tlie Cretaceous periods this was perhaps the most 
animated. 

434. The shores of the seas were furnished with great varieties 
of marine plants — a catalogue of which with a description is due 
to M. Brongniart. 

The terrestrial flora consisted principally of ferns, palms, 
cicadese, conifers, and dicotyledonous plants of uncertain fami- 
lies. 

435. From what has been stated, it will be apparent that slow 
and local undulations of the ground, similar to wliat prevail at 
present in different parts of the earth, were common. 

436. The convulsion which closed this period was that to 
which M. Elie de Beaumont ascribes the elevation of the system 
of Monte Yiso (216), the direction of which is N.N.W. and S.S.E. 


IIFTU CKETACEOUS PEHTOI). 

437. The fifth Cretaceous stage denominated Turonian by 
D’Orbigny, is identical with the eleventh or lower white chnlk 
group of Lyell, including chalk without flints and chalk-marl. 
It is identical also with the upper planerkalk of Saxony, and also 
with the chalk formation of Mantell. 

438. The principal generic forms of the fauna of this period are 
shown in the following table : — 
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FIFTH CRETACEOUS PERIOD. 


Synopsis of the Animal Kingdom (exclus'ive of Annulata) during the 
Fifth Cretaceom Period, 


Gknkra. 



Total. 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

j \ Mammilbrs . . 

0 

0 

0 

0 

0 

H 1 Birds .... 

0 

0 

0 

0 

0 

j Reptiles . . . 

0 

0 

0 

0 

0 

« [Fishos .... 

0 

0 

0 

0 

0 

r Cephalopoda 

5 

0 

5 

1 

0 

g Gastropods . . 

18 


15 

0 

0 

j \ LatYiellibmnchia 


0 ! 

35 

0 

0 

^ 1 Brachiopods 

9 

3 ! 

r, 

2 

1 

[Bryozoa . . . 

3 ' 

0 i 

! " 1 

0 

0 

[ Ecliinodermata . j 

11 

1 

10 

4 

0 

■< J Polyparia . . . ; 


L»0 i 

i 130 

20 i 

9 

S 1 Foraniiilifera . j 

4 

3 

: 1 

0 

0 

1 Amorj)hozoa .1 

4 

1 

3 ! 

1 1 

1 


13ri 

.•51 

104 ' 

2S ' 

11 


439. The outlines of the seas Avere nearly the same as in the 
former period ; the shores, however, retired at several points, and 
especially in the Pyrenean hasin, from the Loire Inferieure to 
La Vendee in the Mediterranean basin, upon all the known 
points, and in the chain of the Alps from La Malle in the depart- 
ment of the Var to Switzerland. 

The continents underwent a corresponding change. The seas 
were very animated, as is evident from the vast number of 
MoUusca (lig. 14), and Echinodermata found upon the shores. They 
were also remarkable for numerous submarine reefs. 

440. It would appear, from the fossil Avoods so frequently found, 
that the land Avas clothed with splendid vegetation, but owing to 
the destructive eifects of the geological convulsion which followed, 
no complete remains either of plants or terrestrial animals have 
been found. 

441. From the local absence of this fifth Cretaceous stage, 
it appears, that independently of several isolated points of 
land in France and Prussia during this period, a surface of 
dry land existed in Russia extending over 40° of longitude; 
another in North America measuring 30° ; and others in South 
America and in India, which must have been above the surface of 
the waters, since no deposit corresponding Avith this stage appears 
there. Since all these regions were submerged in the succeeding 
period, it must be inferred that subsidence of the land over a 
great extent took place. This subsidence, according to M. 
D’Orbigny, extended from the torrid zone in the southern hemi- 
sphere to the 34° of latitude, and in the northern hemisphere to 
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the 66°, or over the immense extent of 90° of latitude, being a 
quarter of the terrestrial globe. In longitude this subsidence 
was not less extensive, and is assigned by M. D’Orbigny as the 
immediate cause which terminated the fifth Cretaceous period. 


SIXTH CIIETACEOUS PEllIOD, 

442. The sixth Cretaceous stage corresponds with the tenth or 
upper white-chalk group of Lyell, including the white chalk with 
Hints of the north and south dow^ns. It is identical with the 
strata called by the Italians la Scaglia. 

443. A generic summary of the fauna is given in the following 
table : — 


Sijiiopsh of the Animal Kimjdom {exclusive of Annul at a) during the 
i^ixth Cretaceous Period. 




Geneua. j 



Total, 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

s < 

Mammifers . . 

0 

0 

0 

0 

0 

Birds . . . . 

1 

1 

0 

0 

0 

OS 

H o; 

Heptilcs . . , 

r> 

3 

2 

1 

1 

^ « 

Fishes .... 

41 

24 

17 

22 

15 ; 

i 

Ccphalopods 

12 

0 

12 

10 

0 : 

i Gastrt)i>ods . . 

42 

5 

37 

8 

i 

ij - 

{ Ijaniollibrauchia 

r>i 

0 

51 

!j 

0 I 

o 

1 Brachiopods 

14 

;i 

11 

0 

1 

^ 1 


[ Bvyo/.oa . . . 

ai 

7 

24 

0 

2 

< 1 

1 Echinodermata . 

34 

11 

23 

10 

6 


1 PolA'paria . . 

23 

7 

It) 

12 

Tj 

o 1 

5 1 

Foraminifeva 

L Auiorpho/oa .' 

2i 

13 

12 

17 

7 

21 

4 

6 ; 

! 



303 

i SI 

222 

120 

' -n i 


Adding tAvo genera of Crustacea not included in this table, it 
appears that the fauna hitherto discovered consisted of 305 
genera, of which 81 were new, and 224 revived from former 
periods. 
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Fig. 184.— Platax altissimus. 


THE PRE-ADAMITE EARTH. 

CHAPTEE VIII. 

444. First appearance of fishes similar to the salmon and perch — .specific 
forms of Mollusca and Eadiata. — 44/5. Great duration of the sixth 
Cretaceous period. — 446. Great changes in the outlines of land and 
water. — 447. Specimens of the fauna. — 448. Flora and land animals 
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— ^the Mosasaurus. — 449. Close of tlie period. Seventh Cretaceous 
Period : 450. Mineral cliaracter of the stage. — 451. Synopsis of the 
animal kingdom. — 452. Examples of the fauna. — Tertiary Age. 
453. Origin of the name. — 454. Clarification of the strata — five stages 
— their nomenclature and thickness. — 455. Complete series not found, 
— 466. Section of the formation between the Vosges and Paris — dis- 
cordances and isolation. — 457. Palasontological distinction between 
ihe Tertiary and inferior formations. — 458. The number of species 
in the Tertiary age. — 450. — Distribution of the species among the 
stages. — 460. General conclusions. — 461. Outlines of land and water 
— D’Oibigny’s mai> of France and England. — 462. Great geographical 
changes from period to ])eriod. — 463. Character of the fauna — great 
development of Mammifers. — 464. Uniform prevalence of tropical 
climate. — 465. Gradual and violent undulations of the laud. First 
Tertiary Pkrioi). 466. Mineral character of the stage. — 467. 
Synopsis of the animal kingdom. — 468. Great development of fishes. 
— 469. Vast increase of land animals, including those of which the 
rhinoceros, otter, dog, ferret, and squirrel are types. — 47 0. Creation 
of flat-fish. — 471. The Molliisca — immmulites.— 472. Whole moun- 
tains formed of tliose animals. — 473. Vast duration of the period. — 
474. Terrestrial flora. — 475. Outlines of laud and water — Anglo- 
Parisian basin — form of its shores in France and England. — 476. 
Pyrenean basin. — 477. Mediterranean basin. — 478. Its great extent 
towards the cast. — 479. Fresh-water lakes. — 480. Close of the period. 
Second Tertiary Period. 481. Elevation of the Pyrenees — elevation 
of tlie tract of Bray in France, and of the Wealdon in England. — 482. 
Synopsis of the animal kingdom. — 483. Specific forius of IVIollnsca 
and Radiata. — 484. Creation of Cetacea, or whale forms. — 485. 
Prodigious numbers of Miliolse, of which the stone quarries of Paris 
are formed. — 486. Marine flora — land animals, including the generic 
forms of which ai)es, bats, gallinaceous, predaceous, and climbing birds, 
serpents, rattle-snakes, baboons, and opossums are types. — 487. 
Crocodiles and land tortoises — beleinnites and nautili — terrestrial 
flora. — 488. Outlines of land and water — division of, Anglo-Parisian 
basin into two seas. 


444. Tins period was signalised by the first appearance of 
fishes of the Cycloid and Ctenoid orders (salmon and perch), 
and also by numerous genera of Foraminifera. The number 
of species of Mollusca and lladiata alone which entered into 
the composition of this fauna was 1577, all of which were new 
to animated nature, and all of which disappeared at the close of 
this period. 

445. The great thickness of the stage, measuring, as we have 
seen, 1000 feet, and the great number of species found in it, lead 
to the conclusion that this sixth period was one of the longest of 
the Cretaceous age. 

446. The seas of this period underwent considerable changes 
both in France and England. In some parts their shores retired, 
leaving increased tracts of dry land, while in others, as in the 
department of La Manclie in France, tracts hitherto dry were 
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submerged. Great changes were also produced at other points. Thus 
it was at the commencement of this period, that in consequence of 
a considerable subsidence of the land, the sea flowed over all 
Belgium as far as Maestricht, cover- 
ing land which had remained dry 
since the close of the Palsoozoic age. 

It was also during this period that 
the sea extended its limits from 
Snowdon to the Ural Mountains, over 
an extent of 40° of longitude. It 
also covered a surface of 30° upon the 
southern coast of South America. It 
covered also Chili in the western 
continent, and Pondicherry in the 
eastern. Prom the identity of the 
marine deposits, it may be inferred 
that the sea of this period extended 1T7.— Spoudylus spiuosns. 

without interruption from France to 

all those distant points and from the tropics to the 56° north, and 
the 31° of south latitude. 




Fig. ITS. — Reticulopora obliqua. 


The land underwent changes corresponding with those of Die 
seas, being everywhere augmented where the seas retired, and 
diminished where they advanced. 

447. The Cycloid and Ganoid fishes prevailed in great numbers 
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in the seas, which were also animated by an infinite variety of 
Mollusca— Gastropods, Brachiopods, Lamellibranchia (fig. 177), 
and Bryozoa (fig. 178). 

448. The shores of the seas were abundantly furnished with 
marine vegetables. Of terrestrial animals, one genus of birds, 
called Scolopax, has been found : and of land reptiles, two genera, 
Leidon and Mosasaurus. The jaws of the latter are sho^vn in 


fig. 179. 

449. The geological 


convulsion which terminated this period. 



Kig. ITO. — Mosasaurus Catnperi. 


according to M. D’Orbigny, was that which raised the chain of 
the Cordilleras of Chili, the direction of which is 5^. E, and 
6. o\ W. 


SEVENTH CnETACEOrS PERIOD. 

450. In every point of view, this is the least important of the 
periods, being the last stage of the decadence of the Cretaceous 
age. This stage has no representative in the British strata. It 
is identified by Sir C. Lyell with the Maestricht beds, a group of 
strata observed near that city, on the banks of the Meuse, having 
the thickness of about 100 feet. It rests upon the ordinary white 
chalk and flints, which form the sixth Cretaceous stage, and 
contains fossils, which, according to Sir C. Lyell, are, on the 
whole, very peculiar, and all distinct from those of the Tertiary 
age, which immediately succeeded it. 

451. The following is a general view of the fauna of this period, 
so far as the fossil remains show it. 
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TERTIARY AGE. 


Synojpsis of the Animal Kingdom (exclusive of Annulatci) during the 
Seventh Cretaceous Period. 




Genera. 

Total. 

Created. 

Revived. 

Extinet. 

Charac- 

teristic. 


Mammifers . . 

0 

0 

0 

0 

0 


Birds .... 

0 

0 

0 

0 

0 

W 

Reptiles . . . 

1 

0 

1 

1 

0 


Fishes . . . . 

? 

? 

V 

■' 

V 

i 

Cephalopods 

2 

0 

2 

1 

0 

w ! 

Gastrop^s . . 

IT 

1 

10 

0 

0 

5 

Lamollibran chia 

11 

0 

11 

0 

0 

O I 

Braehiopods . . 

2 

0 

2 

1 

0 

a ' 

[ Bryozoa . . . 

0 

0 

0 

0 

0 


f Echinodemiata . 

4 

1 

1 ll 

1 j 

0 

< 1 

1 Polyparia . . 

8 

0 

s 

0 ! 

0 

fi 1 

1 Foraniiiiifora 

0 

0 i 

1 

0 

0 


1 Amorphozoa 

1 

0 ; 

i 1 

0 

0 



1 40 

i 

1 44 

9 

1 0 


452. Independently of some Sauriaus, fishes, Crustacea and 
Annelidcs, found among the fossils, sixty- six species of Mollusca 
and Radiata have been catalogued by M. D’Orbigny, of which 
only two arc common to this and the preceding period. Of 
these, a considerable number, including the Nautilus Danicus 
(figs. 9, 10, 11), are found in this stage in Sweden as well as in 
France, and may he regarded as more especially characteristic 
of the closing period of the Cretaceous age. 


The Tertiary Age. 

453. At an early date in the progress of the science, the strata 
below tiie Jurassic formation were called primary, and the 
Jurassic and Cretaceous formations, taken together, were denomi- 
nated secondary, having been obviously deposited from the seas 
of that era upon the former. Hence tlie most recently deposited 
group of strata resting upon the Cretaceous formation, and im- 
mediately subjacent to the diluvial and alluvial deposits of the 
human period, received the name of Tertiary, which, by general 
consent, they have retained, although subsequent discoveries have 
shown that the preceding deposits, instead of being resolved into 
two, are much more properly regarded as consisting of a greater 
number of distinct groups. 

454. The strata composing the Tertiary formation have been 
very variously classed, and grouped in geological works. Sir 
Charles Lyell has divided them into three principal groups, which 
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he calls Eocene, Miocene, and Pliocene. He divides the first into 
three, and the last into two subordinate groups, thus making the 
whole formation consist of six stages. M. D’Orbigny finds that 
a division into five stages is more in accordance with the distribu - 
tion of the organic remains. The following are the names which 
he has given to the five strata, with their origin, and their esti- 
mated average thickness : — 


No. of 

RtJlgC. 

Name. 

Origin. 

Thickness. ' 

V. 

IV. 

111. 

11. 

M 

Sub- A penniiic 
Kalnnifin . . 

Tongrian . 
Parisian . . 

SucsBonian or t 
Nummulitic . ) 

Apennines 

F^un (conchiforous crag) 
Tongres .... 
Pans 

Hoissons .... 

Total . . . 

Feet 2000 
1000 
:m 
SHOO 

3300 

9930 


Although these estimates of thickness must be regarded as mere 
approximations, they will, nevertheless, be useful as exponents of 
the relative duration of the five periods into which the Tertiary 
age is divided. The total average thickness of this Tertiary 
formation would appear to be about 10000 feet, or two miles, the 
chief parts being occupied by the two lowest stages. 

455. The complete series of stages can scarcely be found in 
any single locality, but, partially united, their order can be easily 
determined by comparing sections made in different places. 

456. Fig. 180 represents a section from Vertus to Paris, being 
the continuation of the general section of the country from the 
Vosges to Paris, the first three divisions of which, commencing 
from the Vosges, have been already given in figs. 141, 152, and 
170. In this section, the first three only of the stages, proceeding 
upwards, are included, being numbered 24, 25, and 26. 

As in the preceding formations, the single stages are distin- 
guished one from another, partly by discordance of stratification, 
but much more by what geologists call discordances of isolation ; 
that is, by the appearance of certain stages, and the absence of 
others. For example, while round the Anglo-Parisian basin 
the first of the Tertiary stages is deposited immediately upon 
the last of the Cretaceous; in other places many intermediate 
stages are wanting. Thus, near Orgon, in France, the first Ter- 
tiary stage is deposited upon the first Cretaceous, all the other 
six stages of the Cretaceous formation being absent. In like 
manner, in the department of the Aude, the first Tertiary stage 
is deposited upon the Palmozoic formation ; and in the department 
of the Var and the Lower Alps upon the Jurassic formation. In 
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like manner, throughout the province of Touraine, the first and 
second Tertiary stages are absent, the third being deposited in 
different localities upon the Azoic, Palocozoic, the Jurassic, or the 
Cretaceous formations. 

457. Palieontological considerations supply other distinctions 
between the Tertiary and inferior formations. Nearly 230 



generic forms extinct at the close of the Cretaceous age, and 
not appearing in the Tertiary age, constitute a distinguishing 
characteristic between the two epochs. In like manner, at the 
commencement of the human period, 1324 new generic forms were 
created which had no previous existence, and which, not being 
present in the Tertiary age, supply a distinction between it and 
the human epoch. 
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458. The number of species of plants and animals of every 
order which lived in the Tertiary age, greatly exceeds that of 
any former period. The number of vegetable species found in 
the Tertiary strata exceeds 600, and that of Ycrtebrata and Annu- 
lata amounts to nearly 1500, while the number of Mollusca and 
Radiata, catalogued and described as belonging to this age, 
amounts to 6042.* 

459. The proportion in which this vast number of specific forms 
of Mollusca and lladiata are distributed through the live Tertiary 
stages is as follows : — 


Stages. 

No. in two or 
nil a-c stages. 

No. limited to 
each stage. 

Totals. 

I. 

S 

070 

t57S 

II. 

S 

loOS 

1570 

in. 

0 

428 

42S 

IV. 

28 

2720 

2754 

V. 

88 


000 

! i 

127 

51)15 

0042 


The same species being repeated in the second column, a cor - 
responding deduction of the total number from the common 
species must be made, which will reduce the actual number of 
the common species to ninety-one, which is equivalent to 1 ^ per 
cent, of the total number. 

460. From this and other observations made upon the strata 
composing the Tertiary formation, the following conclusions have 
been adduced : — 

1®. That there existed in the Tertiary age above 8000 species 
of animals, altogether distinct from those of the preceding and 
following ages, and which, theiefore, are characteristic of the 
Tertiary age, 

2^. That this total number consisted of five distinct groups, 
which existed severally during the five periods of the Tertiary 
age, their remains being deposited in the five superposed stages 
composing the Tertiary formation. 

3°. That each period therefore had its own special fauna, 
having nothing in common with those of the preceding or succeed- 
ing periods. 

4°. That the species which, owing to accidental causes or 
erroneous designations, have been found in two or more stages, tlie 
number of which has been greatly overrated, do not in reality 
exceed 1-^ per cent, of the total number of species discovered, 

461. The seas of this age in Western Europe consisted of four, 

* Prodrome D’Orhigny, vuls. ii. and iii, 
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The fourth, to which the name of Ligerian basin has been given, 
covered part of the western provinces of France, as indicated 
upon the map (fig. 181). 

462. It must not be understood, however, that during the 
whole continuance of the Tertiary age, or even during any two 
periods of it, these seas maintained the same circumscription or 
corresponded exactly with the outlines given in this map. On 
the contrary, the geological convulsions which took place between 
period and period, produced such changes of level in the land as 
completely to derange the outlines of land and water. Thus the 
Anglo -Parisian basin not only changed its form and limits in 
difi'erent periods, but in one totally disappeared, while in the first 
periods of the Tertiary age the Ligerian basin had no existence. 
Previously to the convulsion in which the chain of the Pyrenees 
was elevated, the Pyrenean basin covered the ground upon which 
that range afterwards stood, but after their elevation its shores 
were driven northwards and its dimensions considerably reduced. 
These changes of the outlines of land and water will, however, 
be more clearly explained in the account we shall give of the 
successive periods of this age. 

463. The most striking characteristic of the fauna of the 
Tertiary age, was the extraordinary development which took place 
among vertebrated animals. It was then indeed that the land 
was first peopled by those mammifers so remarkable for their 
jiroportions and characters, such as the Anthracotheriums, the 
Palteotheriums, the Anoplothcriums (fig. 182), the Dinotheriums, 
the Toxodoris, the Mastodons, the Smilodons, the Grlyptodons 
(fig. 183), the Megatheriums, the Megalonix, and many others. 
It was then also that the continents were first peopled by birds 
which would be pronounced colossal even beside the ostrich, and 
with salamanders as large as the present crocodile. Around this 
stupendous fauna was collected a flora on a proportionate scale. 
The seas were peopled by marine classes in a corresponding pro- 
portion, and almost as varied as in our own day. 

464. The generic animal forms, peculiar to present tropical 
climates, being found distributed indifferently in all latitudes, it is 
inferred that a general tropical temperature, as in former periods, 
prevailed, and that consequently no isothermal lines or climatolo- 
gical distinctions existed upon the earth until the present period. 

465. Numerous indications are also found among the geological 
phenomena, of the prevalence during this age of those slow and 
gradual undulations of the earth’s crust which are still in progress 
in the north of Europe and elsewhere, independently of the more 
violent class of convulsions by which period was divided from 
period, fauna from fauna, and flora from flora, 
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riUST TEUTIAEY TEIIIOD. 

466. The first Tertiary stage in its mineralogical characters 
eorresponds with the lower part of the Eocene group of Lyell, the 
Nummulitic formation of Oras and other geologists, the Plastic 
clay of Dufresnoy, Elie de Beaumont, and Mantell, and the 
Woolwich sands of Morris. 

467. After the general agitation produced by the geological 
convulsion which closed the Cretaceous age had subsided, a new 
fauna and flora were called into existence to people and clothe the 
earth. A generic synopsis of the former is produced in the 
following table : — 

Syii02Jsis of the Animal Kingdom (exclusive of A nmdata) duHng the 
First Tertiary Period. 






Genera. 





Total. 

Created. 

Revived. 

Ex-tiuct. 

Cliame- 

tcri.stic. 


Mainmifei-a . . 

6 

6 

0 

0 

0 


Birds .... 

1 

1 

0 

1 

1 

P5 ■< -I 
W « 

B-eptiles . . . 

n 

0 

2 

0 

0 


Fishes .... 

01 

83 

8 

34 

34 


Cephalopods . . 


2 

1 

0 

0 

m 

1 Gastropods . . 

70 

34 

1 3(i ; 

0 

0 

s 

Tjaincllibrauchia 

3r> 

5 

30 1 

1 

1 

o 

Bmchiopods . . 

o 

0 

2 i 

0 

0 


^ Bryozoa . . . 

10 

1 

0 

: 

1 

0 

< 

f Echinodermata . 

1 23 

13 

10 

4 

3 

< 

, Polyparia . . . 

1 n 

S 

9 i 

3 

1 

S ' 

' Foraminifera 

1 8 I 

3 

•'> ; 

0 

0 


L Amorphozoa 

1 1 

0 

1 ! 

1 

0 



2<:!) 1 1.5-* 

114 

4') 

40 1 


With the addition of one genera of Crustacea (squilla), the 
total summary of the generic forms of animal life in this period 
will then be 270, of which 156 were now first created, and the 
Temaining 114 revived from former periods. 

468. This period was remarkable for the great development of 
fishes, of which 83 new genera were created. Of the Mollusca, 
the Gastropods were most developed, 34 new genera having 
appeared. The total number of species of Mollusca and Radiata 
described in this period amounts to 678, 'svhich, however numerous, 
are inferior in number to the same divisions in some former 
periods. Before the Tertiary age, some few traces of the existence 
of Mammifers were found, but with the exception of a few 
isolated bones, such traces everywhere consisted of foot-tracks. 

4611. The commencement of the Tertiary age was, however, 
more especially signalised by, a prodigious accession to this highest 
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branch of the animal kingdom, six genera being created and 
named as follows ; — 

Anthrucothenum, a genera of Pachydermatous animals, found 
in the lignite or brown coal in Italy, the name being a Greek 
compound, signifying coal beast, 

LophiodoUj another Pachj^dermatous animal, allied to the 
llhinoceros or Tapir, taking its name from a Greek compound, 
signifying teethe formed like the hairs of a mane, 

Lutra, a generic form of which the otter is the type. 

Cants, a generic form of which the dog is the type. 

Viverra, a generic form of which the ferret is the type. 

Sciurus, a generic form of which the squirrel is the type. 

470. The seas were enriched with a great number of animals 
hitherto unknown. The shores were animated by innumerable 
lishes, including many Plcuronectoids, or flat lisli, which now 
appeared for the first time (fig. 184). 

471. Among the multitude of Mollusca new to the world at 
this epoch, may be mentioned the Beloptera, Oliva, Tritons, 
Terebratuliu, &c. The Zoophytes and Foraminifera abounded, 
compensating by their prodigious numbers for the minuteness oi 
their dimensions ; but tlie class from which the period took its 
most prominent character was that of the Nummulites, an animal 
of a round flat form, resembling that of a coin, from which the 
name of the class is taken (figs. 185, 18(), 187). Those animals 
arc technically described as chamber(jd spiral univalve shells. 

Fifr. 185. Fi". iSfi. Fif?. 1S7. 



These Nummulites lived far from the coast, and their shells 
were deposited in layers of prodigious thickness upon the deepest 
bottoms of the seas. 

472. At subsequent periods geological convulsions occurred, by 
which the conchiferous strata thus formed were forced upwards, 
so as to form mountain ranges. An example of such chains is 
presented in the Pyrenees, where entire mountains are found 
consisting of little else than the fossilised remains of these minute 
animals. It is a striking fact also, that it was of like materials 
that the Pyramids of Egypt were built. 
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473. The great duration of this first Tertiary period may be 
judged from the fact, that these nummulitic strata have in some 
localities a thickness of several hundred yards. The marine 
flora of this period consisted chiefly of Cryptogamous Amphigenes, 
Algae, and monocotyledonous Naiads. 

474. The terrestrial flora consisted of Cryptogamous Acrogenes, 
such as Hepaticac, ferns, E(iuisetaceic or mares’ tails, Cliaracea), 
Palms, Conifers, and Taxineac. 

47o. In comparing the geography of this period with that of the 
preceding, it will be seen that, while at some parts the seas are 
limited by the same shores, at others their outline is completely 
changed. Upon the northern and southern borders of the Anglo- 
Parisian basin, tlie shores lie within those of the Cretaceous age, 
leaving a band of ground, previously submerged, uncovered. On 
the south, the shores have retired still further, no traces of the 
deposits of this stage being found beyond the line which would 
pass through Montereau, Meliin, Paris, lloudan, and Louviers. 
This basin extended in England, in an irregular direction S.W. 
and N.E., from Dorchester to AY ells, passing through Dorset- 
shire, AYiltshire, Surrey, Ilerkshire, and Hertfordshire, in a 
direction which probably extended much further to the north 
over the ground now covered by the German Ocean. 

476. In the Pyrenean basin the northern limits of the sea w’ere 
nearly the same as in the Cretaceous period. It extended probably 
from the Atlantic Ocean to the Mediterranean, covering all the 
space upon which the Pyrenees now stand as Avell as part of Spain. 

477. In the Mediterranean basin the sea entirely changed its 
place : Provence, wliich it formerly covered, was now occupied 
by fresh-water lakes, but the sea appeared above Grasse, in the 
department of the A^ar; its western shore extended AV.N.AY. to 
Castellane, and seemed to follow the line now occupied by the chain 
of the Alps to Annecy, and beyond that to Glaris. 

478. Beyond these limits this sea extended to the east, over 
Sardinia, Italy, the Tyrol, part of Switzerland, and communicated 
probably with Egypt, the Crimea, the Caucasus, and from the 
slopes of the Ural to India. Corresponding changes took place on 
the land, a fresh- water lake existed at Rilly la Montaigne. On the 
north of the Pyrenean basin the land was uninterrupted from the 
Ocean to the Mediterranean. 

479. A fresh- water lake covered the part of Provence between 
Orgon, Martignes, and Aix. These and other details may be easily 
followed on M. d’Orbigny’s map (tig. 181), where the seas of 
this period are distinguished by the shading number 24. 

480. The changes which took place in the outlines of land and 
water in conse(][uence of the convulsion which closed the Cretaceous 
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age, and which preceded the first Tertiary period, will he clearly 
perceived by comparing those parts of the map (fig. 181), which 
we have here indicated, with the parts of the map (fig. 172, 
numbered 22.) 


SECOT^I) TEKTIABY PEEIOI). 

481. The animal and vegetable world of the first period was 
swept away by the convulsion produced by the elevation of the 
chain of the Pyrenees, which was attended with a general per- 
turbation of the whole surface of the globe. The date of this 
convulsion is identified with the first Tertiary period by the fact 
of the numraulitic strata which were deposited during that period 
being found dislocated along the entire extent of the Pyrenean 
range. "J'he same dislocation elevated the tract of Bray in France 
and the country round Boulogne, both of which were submerged 
by tlic Anglo-Parisian sea. Parts of Surrey and Sussex in Eng- 
land, including the AYealden, w'cre raised at the same time. 

The second Tertiary stage includes the London clay of English 
geologists, the fresh- water and marine formation of Morris, a 
part of the eocene of Lyell, the blue clay of Bracklesham, the 
arenaceous limestone of Bognor of Mantell, and the calcareo-arena- 
ceous system of Galeotti. 

482. The following is the generic synopsis of this })oriod : 

t^l/nojms of the Autmul Kinr/ifom {excki^ire of An mil af a) diirbuj the 
Second Tertmry Period, 


Charlie- I 
toristic. i 


0 

10 

0 

1 

,‘{ 

0 

1 

;{ 

16 

y 

0 

40 


With the addition of five genera of Crustacea, the total number 
of genera ascertained to have existed in this period was, therefore, 
332, of which 116 appeared for the first time in the world. 
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Tiital. 

Created. 

Revived. 

E.vtiijct. 

, j f Maimnifors . . 

2! 

17 

4 

8 

H j Birds .... 

li 

10 

1 

<2 

^ 1 Ilcptiles . . . 

0 


4 

0 

« 1 ri.slic.s .... 

.‘J‘» 

20 

19 

14 

< f Ccpliftlopods 

4 

0 

4 

1 

w 1 Ga‘<tntp()ds . 

Ts 

7 

71 

6 

S hatncliibitinchia 

67 

H 

4S 

,'t 

^ Bruchiopods . . j 

2 

0 

2 ' 

0 

^ iBryozoa . . . 

14 

1 

l:.: 

2 

^ f Kchiuodermatii . j 

1" i 

.6 ! 

12 ! 

6 

< I Polyparia . . . J 

4.') 

2S 

1 

20 

S 1 Forainiilifera 

;;l ' 

r.i 

18 

6 

^ t Amorpho7.n;i 

1 

0 

_L._I 

0 


r»27’ 

112 

2i:. 1 

07 
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483. Independently of several hundred species of Vertebrata 
and Annulata, the fauna of this period included 1576 species of 
Mollusca and lladiata, -which have been enumerated and described 
by D’Orbigny. 

484. A great number of new animals abounded in the seas, tljc 
chief part of which consisted of new genera of fishes and Poly- 
paria or Zoophytes. It was in this period that the class of Cetacea 
or marine maminifers first appeared in the genera of the Dolpliin 
and the Balocnodon. Among the Crustacea the generic forms of 
crabs were first presented. 

485. Of the Zoophytes and Foraminifera, the Miliolie, charac- 
terised by its multilocular shell, and taking its name from milkun^ 
the Latin word for millet seed, prevailed in numbers so enormous, 
as to form those strata of stone of which nearly tlie whole of tlie 
city of Paris is built. It is a curious circumstance, therefore, that 
one of tlie greatest cities of the world should owe its fahricatiou to 
the original industry of minute animals which lived countless ages 
before the creation of man. The prodigious multitude of these 
minute beings, which must have existed to produce the quarries of 
Paris alone, not to mention similar ones which exist elsewhere, may 
be imagined when it is stated that, taking into account the weight of 
these shells, it has been calculated that a cubic inch of stone must 
be composed of not less than two thousand millions of them. 

486. The marine llora of this period was gencrically similar to 
that of the last, diliering, however, altogether in the species. 
Numerous land animals appeared for the first time, among which 
may be mentioned the following, — inammifcrs^ apes and bats ; 
birds (fig, 188), predaceous climbers and gallinaceous; reptiles, 



Fig. ISS.—Fossil in the Gypsum of Montmartre. 
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serpents. The forests of France and England abounded in generic 
forms, of which baboons, rattlesnakes, and opossums are the living 
types. 

The plains nourished Pachydermatous animals, called Paleo- 
therium, Anaplotherium, &c. (fig. 189), 



487. The gigantic saurians of former periods had altogether 
disappeared in the Cretaceous age, but a large race of crocodiles 
and land and sea tortoises succeeded them. The Helemnites and 
their chambered shells had disappeared from the seas, the Nautilus 
alone remaining. 

The cicadeie totally disappeared from the fiora, and new conifers, 
with dicotyledonous plants and palms, appeared in the centre of 
Europe, — ’plants which at present have receded into Africa, show- 
ing that the mean temperature of the continent then corresponded 
to that which at present prevails in Low^er Egypt. 

488. The outlines of land and water underwent important 
changes in consequence of the convulsions which preceded this 
period. The Anglo-Parisian basin was divided into two gulfs, 
completely separated, by a tract passing through its middle in a 
direction nearly cast and west. The two separate basins thus 
formed are marked on the map by the shading 25. The northern 
basin in France covered part of Belgium, including Brussels and 
Ghent, with an angle of France, which included Dunkirk. In 
England it included London and the mouths of the Thames. 

The southern basin was limited in France on the north by Laon, 
and extended east and west between Havre and Epernay, being 
bounded by an irregular line. It may be considered as highly 
probable, if not certain, that the northern gulfs in England and 
France communicated with each other by a tract of water included 
within the dotted lines on the map, and that in like manner the 
southern gulfs were united by a tract of water extending from 
Havre to the Isle of Wight. 
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CHAPTEE IX. 

4S9 — 490. Great change in the Pyrenean and Mediterranean basins. — 
491. Land and water in tlie United States. — 492. Effect of the eleva- 
* tion of the Pyrenees. — 493. General prevalence of tropical climate. — 
494. Great change in the Mediterranean basin. — 495. Sketch of part 
of Western Europe by Elie de Beaumont. Tiiiri) Tertiary Period. 
490. Mineral character of the stage. — 497. Convulsion which pre- 
ceded the period. ^ — 498. Outlines of land and water. — 499. Marine 
fauna and specific forms of Mollusca and lladiata. Fourth Tertiary 
Period. 500. Mineral character of the stage. — 501. Synopsis of 
animal kingdom. — 502. Specific forms of Mollusca and lladiata. — 
503. Convulsion which preceded the period — Disappearance of Anglo- 
Parisian sea — Ligerian basin. — 504. Pyrenean basin. — 505, Marine 
fauna. — 506. Enormous increase of land animals, including the 
generic forms of the bear, the cat, the weasel, the seal, the mouse, the 
beaver, the rhinoceros, the tapir, and the stag. — 507. Great increase 
of reptiles and fishes, including snakes, frogs, salamanders, perch, 
herring, and carp. — 508. Flora, including the generic forms of various 
conifers ; birch, alder, oak, beech, elm, fig, plantain, poplar, laurel, 
sloe- tree, maple, red jasmin, madder. — 509. Uniform tropical 
climate. Fifth Tertiary Period. 510. Mineral character of the 
stage. — 511. Synopsis of the animal kingdom. — 512. Outlines of 
land and water. — 513. Elevation of the Western Alps — its efi’ccts. — 
514. Map of France by M. Elie de Beaumont. — 515. Marine 
animals, including the generic forms of gudgeon, pike, loach, blay, 
and tench. — 516. Terrestrial fauna including the megatherium, 
megalonyx, mylodon, and mastodon, and the generic forms of the 
elephant, hippopotamus, camel, giraffe, and stag. — 517. Birds of the 
generic forms of the vulture, eagle, swallow, woodpecker, chat, 
anabate, lark, mothhunter, cuckoo, parrot, pheasant, common fowl, 
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guinea fowl, flamingo, horned owl, rail, corncrake, goose, loon, duck, 
gull, &c. — 518. Fossil salamander of CEningen. — 519. Flora, including 
generic forms of liquidamber, willow, myrtle, anemone, plum-tree, 
magnolia, holly, rhododendron, and azalea. — 520. Large numbers of 
Mammifers. — 521. Bone caves — cave of Gaylenreuth. — 522. Re- 
trospect. — 523. Was creation at each period simultaneous. — 
524. Proofs in the affirmative. — 525. Was there a progressively 
increasing perfection of organisation. — 526. Number of orders in the 
respective strata. — 527. Of genera in the orders. — 528. Increase and 
decrease of genera in the orders. — 529. Orders in which the decrease 
took place. — 530. Orders of fishes. 


489. Gre.\teii changes still were produced, as indeed might 
be expected, in the P^Tcnean basin. While its northern 
shores remained nearly the same, the southern limits were 
altogether changed. The sea, which in the preceding period 
covered all the ground upon which the Pyrenees stand, ex- 
tending ovef part of Spain, was noW driven back to the north, 
and occupied only a very small basin near Bordeaux, marked 25 
on the map. 

490. The same cause produced a considerable change in the shores 
of the Mediterranean basin, which no longer communicated with 
the Pyrenean basin, its western shores being driven back towards 
the east. It is probable that its western shores commenced near 
Nice, passing near Faudon and St. Bonnet, the site of the High 
Alps, from which, however, that chain had not yet arisen. From 
thence the shores of this sea were continued to Bex in Switzerland, 
where all traces of them are lost. 

491. During this period, a considerable tract of the United 
States, extending from 31° to 39° lat., which had been raised 
above the waters since the end of the Cretaceous age, became 
submerged, so that the sea probably extended without interrup- 
tion from Paris to the southern part of North America. 

492. Corresponding changes took place in the land by the 
elevation of the chain of the Pyrenees, which presented a barrier 
to the progress of the ocean, and which left high and dry not 
only the mountain range itself, but also the interval included 
between that and the central plateau of France, so that Languedoc 
and Provence, and the surrounding country, formed one great 
continent. 

493. The appearance of marine species identical with those 
deposited in the Anglo-Parisian basin in the seas by which the 
southern states of America were submerged, and the discovery 
of apes, rattlesnakes, and generic forms of marine animals 
and plants, proper to warm climates in all parts of Europe, and 
in the Isle of Sheppey, in England, prove that, at this epoch, 
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the temperature of the present equatorial regions prevailed gene- 
rally throughout Europe, 

494. During this period, the Mediterranean basin was reduced 
to some small patches of water, which appeared in the Savoy, 
and in the region upon which the French Alps now stand. These 
are marked upon the map by the number 25. 

495. Before the geology of Western Europe, in relation to this 
age, was submitted to the elaborate analysis of M. D’Orbigny, 
from which the details explained above have resulted, M. Elie 
de Beaumont published a map of its geography during this 
period, of which we give a reduction in fig. 190. 

It will be seen that, according to this, the Anglo-Parisian 



Fig. 190.— Map of Western Europe during tbe Second Tertiary Period. 


basin was not inferred to be divided into two separate gulfs, as 
above described, but an insular tract was supposed to be formed 
around thie country of Bray in France, and another around the 
Wealden in England, 

The basin was assumed by M. Elie de Beaumont to extend 
between Paris and the Lizard Point, Cambridge and Maestricht. 
The Pyrenean basin is represented as limited between Bordeaux 
and Dax, It is probable, however, that the more recent 
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geological researches in these regions have supplied data which 
have rendered the map of M. D’Orhigny the more exact. 


TiiiJiT) teutiahy period. 

490. The strata deposited during this period, according to 
M. D^Orhigny, correspond with the middle terrain tertiaire and 
gres de Fontamehleaa of MM. Diifresnoy and Klie de Heaumont, 
the Tongriaii, Rupelian, and Bolderhcrg strata of M. Dumont, the 
Molasse of Switzerlaaid, tlic Faluns hleus of M. Grataloup, and, 
in line, with the fifth group of M. D’Archiac. 

497. Tile second Tertiary period was closed by the convulsion 
which raised the system of Corsica and Sardinia of M. Elie 
de Beaumont. Upon the re-establishment of tranquillity, a 
new fauna was created, consisting of 428 species of Mollusca 
and Radiata, independently of the vertehrated and annulated 
classes. 

498. The outlines of land and sea underwent several changes, 
the results of which will be seen on the map, the seas during this 
period being indicated by the shading marked 26a, lig. 181. The 
Paris basin was limited to a space round Paris, between Provins 
and Evreux, cast and west. The Pyrenean basin covered the space 
similarly indicated and shaded, a tract of dry land, however, 
remaining to the N.W. of lUa 5 ^ In Belgium, the seas ad- 
vanced to the N.E., as far as Limbourg, in the neighbourhood of 
Maestricht. 

499. The marine animals of this period, though generically 
identical with those of the succeeding one, were, nevertheless, 
specifically distinguished from them. This distinction has not, 
however, been clearly indicated, except in the case of the Mol- 
lusoa and lladiata, 428 species of which M. D’Orbigny has iden- 
tified with the deposits oX this period. The flora included nearly 
the same generic forms as in the preceding epoch. 


POURTH TERTIARY PERIOD. 

500. The strata deposited in this period, according to D’Orbigny, 
include part of the middle Tertiary and Falunian of MM. Dufresnoy 
and De Beaumont, the Molasse, Falunian and Crag of M. 
Cordier, the superior order of Conybeare, and the Miocene and 
Suftblk and Norfolk Crag of Sir C. Lyell. 

501. The following is the generic summary of the fauna, which, 
however, includes a certain number of genera of the Vertebrates 
peculiar to the third stage, 
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Synopsis of the Animal Kingdom {exclusive of Annulata) during the 
Fourth Tei'tiary Period, 


Genera. 



ToUil, 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

^ j fMaininifers . . 

67 

47 

10 

27 

23 

H H j birds .... 

7 

4 

3 

0 

0 

« y ^ Reptiles . . . 

13 

7 

() 

3 

2 

[ Fishes .... 

28 

7 

21 


1 

< f Cephalopoda 

.3 

1 

2 

2 

1 

W j C;istro]>ods . . 

07 

20 

77 

1 

1 

S < Lanicllibranchia 

()4 

(> 

58 

2 1 

0 

^ 1 Rrachiopods 

8 

1 

7 

0 1 

0 

JS I BryoEoii . . . 

20 

5 

15 

3 

2 

^ r Eehinodennata . 

1 

; 23 

1 

17 

2 

1 

< J Polyparia . . 

1 45 

15 

30 

10 

G 

2 I Foratniuifera 

1 42 

14 

28 

3 

2 

^ tAmorphozoa 

i 1 

0 

1 

0 

0 

j 

408 i 13.3 

275 

00 

39 


AVith the addition of fourteen genera of Crustacea, it 
appears, therefore, that this fauna consisted of 422 genera, of 
which 133 were new, and the remainder revived from preceding 
periods. 

502. Independently of several hundred species of Yerlebrata 
and Annulata, 2754 species of Mollusca and Kadiata proper to 
this period have been catalogued and described.* 

503. The third period was closed, and the present preceded by 
the dislocation which produced the system of the Isle of Wight, 
of the Tatra, of the llilodagh, and of Mount Ilamus, as shown by 
M. Elie de Beaumont. After the rc -establishment of tranquillity, 
the outlines of sea and land had undergone considerable changes. 
The water by which the Anglo-Parisian basin had never ceased 
to be submerged since the Triassic age, retired, and left all that 
region dry land. A new sea, however, was formed in the west of 
France, to which the name of the Ligerian basin has been given 
by M. D’Orbigny, and the limits of which are indicated on the 
map by the shading marked 26 6, fig. 181 . The deposit left by this 
basin was, however, by a subsequent convulsion, broken into 
patches, so that, at the present time, it does not present odl^con- 
tinuous stratum. 

504. The Pyrenean basin was contracted within the limits 
marked on the map 26 5, fig. 181. The Mediterranean basin under- 

* Pi-odrome D’Orbigny, vol. iii. p. 25 ct scq. 
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went a complete change of form. It now submerged a vast surface, 
which was previously dry land, included between Montpelier and 
a tract to the west of Marseilles, extending on the north into 
the departments of the Card and the Dr6me. It extended also 
to the N.E. as far as the tract upon which the Lower Alps 
stand. Another arm of this sea turned to the cover- 

ing part of Savoy and Switzerland, and extending probably 
to Vienna and still further in that direction. Thus three seas 
were still found in the west of Europe — the Ligerian basin 
taking the place of the Anglo-Parisian basin. In England, 
the Anglo-Parisian basin was limited to Suffolk and Norfolk, 
where it covered the whole coast, and it probably extended 
from thence across the Channel into Belgium, covering the land 
around Antwerp. 

505. The seas during this period were peopled by numerous 
animals unknown to any anterior epoch. Not less than 89 
marine genera appeared for the first time, among which the 
Gastropods amounted to 20, and the Foraminifera to 15. 
Among the Crustacea which now first appeared in the seas, were 
included the generic forms of which the Hermit crab and the 
Lobster are types. 

506. But it was by its land animals that this period, compared 
with all former ones, 'W’as more especially remarkable. It appears 
by the table, that of the 57 genera of Mammifers ascertained 
to have lived in this period, 47 had never before existed. Of 
these genera a great number, remarkable either for their magni- 
tude or their peculiar forms, have become extinct, among which 
may be mentioned Pala3orays, Macrotherium, Dinotherium, 
fig. 191, Toxodon, and Mastodon. Among the forms which 



have survived, we find living types in the bear, the cat, the 
weasel, the seal, the mouse, the beaver, the rhinoceros, the tapir, . 
and the stag. 
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507. Among the reptiles which now appeared for the first time 
were generic forms, whose types are snakes, frogs, and sala- 
manders, and among the fishes, those of which the types are the 
perch, the herring, and the carp, fig. 192. 

508. The flora of this period included Amphigamous crypto- 
gamia (Algoc and mushrooms), Acrogenous cryptogamia (Mosses 
and ferns), Monocotyledons, Dicotyledonous gymnosperms 
(numerous conifers). Dicotyledonous angiosperms (birch, alder, 
oak, beech, elm, tig, plantain, poplar, laurel, rose-tree, acacia, 
sumach, nut-tree, sloe-tree, maple, red-jasmine, madder.) 

509. The presence in all the European seas of species, both 



Fig. 192. — Lcbios Ccplmlotes. Cypnu (Carp). 


animal and vegetable, now peculiar to the Torrid Zone, proves 
that there prevailed, in this period as in the former, in France, 
England, and Germany, and probably in all other parts of the 
globe, a uniform temperature similar to that which now charac- 
terises the tropics. Climatological lines had not therefore yet 
existed. 


FIFTH TEETIARY PERIOD. 

510. The strata deposited in this period corresponded with the 
older Pleiocene of Sir C. Lyell. 

511. The following is a generic synopsis of the fauna, with the 
xception of three genera of Crustacea. 
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i^ynopsu of the Animal Kingdom (exdusive of AnnuLata) during the 
Fifth Tertiary Period, 





Gkkera. 




Total. 

Created. 

Revived. 

Extinct. 

Charac- 

teristic. 

j fMaiiimifcrs . . 

72 
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1 
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6 
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S 
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1 
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1 

0 

0 

0 
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04 

2 

62 
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0 
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40 

2 

44 

0 

0 
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4 

0 

4 

0 

0 
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8 

0 

8 

1 

0 

r Fchinodermata . 

14 

0 

14 

4 

0 
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8 

0 

8 

3 

0 
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20 

8 

26 

1 

0 
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0 

0 

0 

0 

0 


SO.'J 

01 
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51 
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Of the MoUusea and Annulata alone 606 species have been 
catalogued and described. The fourth or Falunian period, as 
M. D’Orbigny has named it, was closed, and the fifth or sub- 
Apennine preceded by the geological convulsion, in which the 
"VVestem Alps burst through the terrestrial crust and were elevated 
to their present relief. 

512. The seas had again completely changed their beds in 
Europe, and especially in France. The three seas, which in the 
preceding period submerged the Ligerian, Pyrenean, and Medi- 
terranean basins were now completely dried up, none remaining 
except small patches of water on the borders of the Mediterranean, 
in the departments, in the East Pyrenees, and in the Ilerault, 
near Montpelier. It appears, therefore, that in France land and 
water now assumed very nearly the forms which they possess at 
present, but in Piedmont the province of Asti was still sub- 
merged, as well as part of Italy, a tract round Vienna, and a 
great part of Eastern Europe, 

513. Corresponding changes took place in the land. Switzer- 
land, Savoy, the French departments of the Jura, the Ain, the 
Isere, the Higher Alps, the Lower Alps, the Drome, Vaucluse, and 
the Bouches du Rhone, which had been severally to a greater or 
lesser extent submerged, during the Jurassic and Cretaceous 
ages, and during the previous periods of the Tertiary age, were 
now raised above the waters, and formed part of the general 
continent. 
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514. Althougli the western part of Europe, including France 

and part of Switzerland, were no longer submerged by the sea, 
sheets of fresh water existed in certain places. Thus, according 
to M. Beudant, a lake existed in France, extending north and 
south from Langres to Valence, fig. 193, and a similar one in 
Provence, between Sisteron and Yerdon, The channel of Alsace, 
also, according to this geo- pig 193 ^ 

logist, still comAiinicated ^ . — . r-:... 

with the ocean, and that ^ ° ' 

of Piedmont, commencing ^ UauUgrt4i, 

from Mce and Genoa, was - LUffeo ~= 

connected with the seas ^ 

which washed the Apen- j 

nines. I Btrasham^^ 

515. The seas of 4kis I j ‘ Lafigrt^o : 

period were peopled with ^ UouUm ~ AUkir^h 

the same generic forms as | . 

in the preceding, with the I Clernia'rit « 

addition, however, of some (,, Lyon.o 

new genera of fishes, such j ^ ° ^ 

as the Gobius (gudgeon). :■ ^ ^ o ' 

Esox (pike), Cobitis (loach), ^ 5 s ^ 

Aspius (blay), and Tinea . o 

(tench ) . L-. — — - 

516. The terrestrial fauna included a vast variety of forms, 
remarkable by their proportions and characters. Among the 
Mammifers were the Glyptodon, fig. 183, Megatherium, fig. 191, 
Megalonyx, Mylodon, fig. 195, and Mastodon, all of which are 
extinct. Among the genera which have since reappeared under 
other specific forms were elephants, fig. 196, hippopotami, camels, 
giraffes, horses, stags, fig. 197, p. 145, armadilloes, fig. 198, and 
sloths. 

517. Among the birds were included genera of which the 

following are types, the vulture, eagle, swallow, woodpecker, 
chat, annabate, lark, moth-liunter, cuckoo, parrot, pheasant, 

common fowl, guinea-fowl, flamingo, horned-owl (hibou), rail, 
corncrake, goose, loon, duck, gull, grabe. 

518. Among the reptiles of this period must especially be 
noticed the celebrated gigantic Salamander, fig. 199, found in the 
lacustrine limestone of (Eningen. The first specimen of this 
fossil which was discovered obtained much notoriety from having 
been described as a human skeleton, under the fanciful name of 
Homo diluvii testis — a man who was witness of the deluge. 
Cuvier examined this specimen, and ascertained it to be the 
remains of a species of aquatic salamander. Other specimens of 


Fig. 193. 
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the same fossil have been found which measured nearly five feet 
in length. 



Fig, 194. — Megatherium Cuvieri. 

519, To nourish the enormous herbivorous animals, which 
covered the land in such numbers from Italy to the Frozen 



Fig. 195.— Mylodon robustus. 

Ocean, and which at present are found only in those tropical 
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regions clothed with the richest vegetation, nature presented 
everywhere during this period the most varied and exuberant 
flora, which included nearly all the vegetable forms enumerated in 



the preceding period, with the addition of numerous others, among 
which may be mentioned liquidamber, willow, myrtle, anemone, 
plum-tree, magnolia, holly, rhododendron, azalea, &c. 
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520, It is to this geological period, that the prodigious numbers 
of Mammifers found in the strata of the Pampas of Buenos Ayres, 
and in the oaves which are scattered in such vast numbers over 
the continents of Europe and America, and even in Australia, are 
ascribed. In the Brazils are numerous bone-caverns, which 
contain genera still inhabiting the South American continent, 
though differing from the living species. It is worthy of especial 
notice, observes Dr. Mantell, that the bones of a species of horse 



Fig. 19S. — Armadillo. 


occur in these accumulations, for when the Spaniards invaded 
the country, horses were wholly unknown to the inhabitants, 
who, on seeing a Spaniard on horseback, supposed that the man 
and horse composed a single animal. It is a marvellous event 
in the history of the world, that a native species should have dis- 
appeared, and should have been succeeded in after ages by count- 
less herds of the same genus introduced by man’s intervention. 

521. One of the lirst bonc-caves which attracted attention was 
that of Gaylenreuth in Franconia, a section of which is shown 
in fig. 200. 

The entrance of this cave, about seven feet in height, is placed 
on the face of a perpendicular rock, and leads to a series of 
chambers from fifteen to twenty feet in height, and several 
hundred feet in extent, in a deep chasm. The cavern is perfectly 
dark, and the icicles and pillars of stalactite reflected by the 
torches present a highly picturesque effect. The floor is literally 
paved with bones and fossil teeth, and the pillars and corbels of 
stalactite also contain osseous remains. Cuvier showed that three- 
fourths of the remains in this and like caverns were those of 
bears, the remainder consisting of bones of hyenas, tigers, wolves, 
foxes, gluttons, weasels, and other Carnivora. 
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Fig. 199 — Fossil Salamander (Aiidrias Sclicuchzcri). 


141 



THE PBE-ADAMITE EABTH. 



140 . 


Fig. 200. — Section of tlie Bone Cavern of Gaylenreuth, Franconia. 
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RETROSPECT OP THE PRE-ADAHITE AGES. 

522. Upon a review of the history of the earth previous to the 
appewance pf 'the human race and its contemporary ‘fauna and 
flora, as briefly sketched in the preceding pages, several con- 
siderations of high interest respecting the progressive development 
of organic life upon it present themselves. 

Naturalists have grouped the animal world into the 20 classes 
indicated in the table given in (244), and have subdivided these 
classes into 77 orders. Each of these 77 orders is again resolved 
into a certain number of generic forms. 

It will be matter of obvious interest to inquire in what manner 
the author of nature has proceeded in the work of creation, first, 
in considering each act of creation in itself, and independently 
of the others ; and secondly, in comparing one with another the 
successive creations described in the preceding pages. 

523. Were all the forms of organic life, which existed upon 
the earth at any one epoch, called simultaneously into being ? 
The habits and economy of animals answer this question. In 
relation to their modes of nourishment they may be resolved into 
two classes : the first, herbivora, consisting of those which feed 
on vegetables ; and the second, carnivora, of those which feed 
either partially or exclusively on other animals. 

It is clear, then, that the creation of the vegetable world must, 
in each case, have either preceded or have been simultaneous with 
that of the herbivora, since a class of animals could not be created 
without a provision of a food of suitable quality. 

Por a like reason the creation of herbivora must either have 
preceded or been simultaneous with that of carnivora. 

524. That all parts of the earth were simultaneously peopled, 
not only at the first creation which took place upon it, but at all 
succeeding ones, is proved by the fact that the same animal and 
vegetable forms are found deposited in the same strata in all parts 
ot the earth. The animal forms, for example, preserved in the 
Palaeozoic strata of Europe are identical with those found in the 
corresponding formation in all parts of the world, however 
distant from each other, and the same is true of the Triassic, 
the Jurassic, and all the other groups of strata. 

525. The second question, whether creative power manifested 
itself by a progressive development of organised forms, may be 
considered either with relation to orders or generic forms. 

Of the seventy-seven orders of animals, an obviously increasing 
progression of development will be apparent on comparing age 
with age. 
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526. The number of orders of which examples are found depo- 
sited in the strata are as follows : — 


Palaeozoic formation . 31 
Triassitt . . . . 21 

Jurassic . . .41 


Cretaceous . . . 41 

Tertiary . . .71 

Existing period . . . 77 


These figures show that the orders of animals are in constantly 
increasing progression. The exception presented by the Triassic 
group may probably be explained by the want of sufficient 
observation of its organic remains. 

627. This constant increase does not prevail with the genera. 
In each period each order consisted of a certain definite number 
of genera. Now, on comparing the number of genera of which 
each of these orders consisted, from period to period, it will be 
found that while some continually increased, others having in- 
creased up to a certain date, attained their maximum, and then 
decreased, and that the decrease has continued to the present 
time, 

528. Of the seventy-seven orders, it has been found by com- 
parison of the organic remains of the successive periods, that sixty- 
three have had a continually increasing number of genera from 
their first appearance to the present epoch, but that the numbers 
of the genera of the other fourteen respectively after increasing to 
a certain period, then decreased, and that this decrease continued. 

529. Six of these fourteen orders acquired their greatest gene- 
ric development in the Palaeozoic period. These six consisted 
of two orders of Fishes, one of Crustacea, two of Mollusca, and 
one of liadiata. 

530. The two orders of Fishes are those denominated by 
naturalists the iilacoids and the ganoids. Of the -former the shark 
and the ray^ and of the latter the sturgeon^ arc living examples. 
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Fig, 197.— CBRVU3 MEOACEROS CUVIEHI. 
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CHAPTEE X, 

531. Examination of orders. — 532. Relative numerical proportion. — 533. 
No progression discoverable in these. — 534. Examination of generic 
development. — 535. Similar result. — 536. In the Radiata and Mol- 
lusca. — 537. Annulata. — 538. Vcrtebrata. ^ — 539. No progress in- 
dicated, — 540. Organs of ancient animals. — 541. Examination in 
relation to respiratory organs. — 542. Lower divisions. — 543. Bran- 
chial respiration . — 544. No essential change. — 545. No progression 
observable. — 546. Tracheal respiration. — 547. Pulmonary respira- 
tion. — 548. Composition of atmosphere unchanged. — 549. General 
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conclusions. — 550. Persistence of genera. — 551. Useful geologicial test. 
The Oontemporaneous Ag^e. — H uman Period. 552. Elevation 
of the great Alps — total destruction of tlie fauna and flora of the 
last period. — 553. Great change of form in Europe. —554. Secondary 
effects — vast rivers and lakes ]»roducing alluvial deposits. — 555. 
Creation of a new fauna and flora. — 556. Tabular view of the 
existing and i)ast animal kingdoms. — 557. General inferences from 
this. — 558. Number of species of Mollusca and Radiata, and their 
distribution. — 5.^9. Total number of sj^ecies. — 560. Creation of man- 
kind. — 561. First appearance of climatological zones. — .'162. Un- 
successful attempts to ex])lain the uniform distribution of s))ecies in 
former ages. — 563. The formation of downs — littoral deposits and 
the filling of lagoons and deltas supply chronological data of the 
present age. — r)64. Consistency of the Mosaic history with geological 
facts. — 565. The future of the efirtli. — 566. Accordance of the 
narrative in Genesis with geological facts. — 567. Figurative use of 
tlie word day in accordance with common custom. — 568. The divi- 
sion of the land from the water. — 569. The creation of the vegetable 
world. — 570. First creation of marine tribes and birds. — 571. A 
similar order observed in geological phenomena. — 572. Creation of 
Mammifers.— .573. Correspondence with the Tertiary age. — 574. 
Creation of the human race in the actual age. — 575. Accordance 
of Scri])ture w'ith geiflogical discovery. — 576. Conclusion, 

531. The order of Crustacea was that of the Trilohitcs, those of 
the Mollusca the Tentaculifcrous Ccphalopods, and tlio Ilrachio- 
pods ; and that of the Radiata the hxed Crinoids. Two liad their 
greatest niimher of genera in tlie Jurassic j)oriod. These were 
the Saurian 7'ejjfiles and the Fi'ce Crinoids. Pour had their 
greatest number in the Cretaceous period, of which two were 
Mollusca and two Radiata. Jn five, two liad tluii* gi’eatcst 
generic development in tlie Tertiary period, both being Mam- 
malia, one Pachydcrinata^ and the other Pdontata. J’he elephant 
is a living example of the former, and tlie sloth, of the latter. 

From wliat lias been stated, it appears that of the seventy- 
seven orders of animals, tliirty-onc were called into existence 
during tlie Paheozoic period. These were distributed among the 
four principal divisions of animal forms, as follows : — 


Y(‘rtcbrata ...... 3 

Aiinulata , . , . . . 11 

Molhisca ...... 9 

Radiata . . , . , . . 8 


632. Thus the four principal divisions of animal forms were re- 
presented at the first moment of creation, in a relative numerical 
proportion not very diflferent from that in which they still exist. 
This result is completely incompatible with a notion which has 
been long prevalent, that creative power manifested itself by 
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a gradually increasing degree of organic perfection from one 
geological period to another, from the first appearance of animal 
life upon the globe to the human period. 

The only facts which have given colour to this supposition, are 
the lateness of the period at which the Yertebrated animals of 
the highest order of organisation, Mammifers and Birds, appeared 
in any considerable numbers upon the globe, and more especially 
the fact, that the human race did not appear until after the close 
of the Tertiary age. 

533. That the conclusion thus deduced is a premature gene- 
ralisation, will appear from an examination of the classes and 
genera wliicdi have prevailed, during all the successive ages from 
the Palmozoic to the human. 

If the supposition of progressive improvement in organisation 
were well foundc'd, it must naturally be expected that in the 
earliest period of the Pahoozoic, the lowest orders only of organi- 
sation would appear, and that consequently tlie Iladiata alone 
would be found there, while on ascending through the succeeding 
periods of the Triassic, Jurassic, Cretaceous, and Tertiary ages wc 
should find gradually appearing the more perfect orders of Mol- 
lusca, Annul ata, and Vertebrata. On the contrary, it appears, 
from what has been stated, that in the Palmozoic age animals of 
all the orders from the lowest to the highest were created in a 
proportion not very diiierent from that in which they now exist. 

534. It wdll be interesting, however, to consider the characteris- 
tics of the organisation of the genera composing each of the orders 
existing at each successive period ; for although no progressive 
increase of perfection might be manifested with regard to the 
orders^ such progression might nevertheless appear in the (jemra 
of these orders created from period to period. 

535. A duo examination, however, of the genera of the several 
orders existing at each period will show that no such pro- 
gressive increase of perfection in the organisation has been 
manifested. 

536. Of the Iladiata eight orders were called into being in the 
Paheozoic age, and none of superior organisation in the succeed- 
ing ages. Indeed a rigorous examination of the succession of 
fauna of this division leads to the contrary conclusion, showing tliat 
the most perfect prevailed in greatest numbers at the earliest ages. 

A similar examination of the division of Mollusea gives a like 
result, no gradually increasing perfection of organisation being 
discoverable. 

537. In like manner the supposition of progressively improved 
organisation from age to age would lead us to expect in Annu- 
lated animals all the orders of the less perfect organisation in the 
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first ages, and those of the more perfect in the later ones. As in 
the former cases, however, the actual results of observation are 
altogether oppostd to this. Of the eleven orders of Annulata 
called into existence during the Palaeozoic age there are three 
orders of insects — the Coleoptera, Orthoptera, and Neuroptera ; 
one of the Arachnid a, four of Crustacea, one of Cirrhipeds, and 
two of Annelids. Thus, as in the former case, all the classes are 
fairly represented. But we find further in these classes, among 
the three orders of Insects and four of Crustacea, the most per- 
fectly organised of each class. We have therefore, in the case of 
the Annulata, the same results as were obtained in reference to 
the other two great divisions of the animal kingdom — the most 
perfectly organised being produced in the earliest ages ; and not 
only was this the case, but they even there obtained their greatest 
development. 

538. Although, ns we have already stated, the Yertebrata present 
striking facts in favour of the supposition of progressive improve- 
ment already mentioned, a due examination of all the circum- 
stances attending their gradual development, will show that no 
real progressive organisation has been manifested in them. 
If the supposition of progressively improving organisation 
were well founded, it must be expected that the Vertebrate 
animals of less com])lete organisation alone would appear in 
the Palaeozoic age. We find on the contrary among the three 
orders of Yertebrata which appeared in that age, the Saurian 
reptiles and the Placoid and Ganoid fishes, l^ow, although 
mammifers and birds did not appear, the reptiles which did 
appear have a superior organisation to other orders which 
appeared later, such as serpents and Amphibia. The fishes of this 
epoch also are evidently superior in their organisation to many 
of the orders which appeared later. Although, therefore, only two 
of the four classes of the Yertebrata appeared during this age, 
of these two the most perfect specimens appeared the earliest, 
in contradiction to the supposition of progressively increasing 
perfection of organisation. 

The Triassic age presented traces of the existence of the order 
of birds called TFhd6"rs, and of Chelonian reptiles (tortoises). It is 
curious here to find at an epoch so remote in the history of 
the globe, lards the most perfect of the aerial Yertebrata, and the 
Chelonian reptiles, the most perfect of their class. 

The Jurassic age i)resented no new orders of Yertebrata. The 
Cretaceous age presented one order of birds, the Web-footed; 
two of fishes, the Cycloids and Ctenoids, both less perfect than 
those of the Palmozoic age. 

It was only, therefore, during the Tertiary age that the other 
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orders of Vertebrata appeared. The orders of birds wliich 
appeared at this most recent epoch were not more perfect in their 
organisation than the waders of the Triassic age, M hile the orders 
of reptiles, including the serpents and Amphibia, were certainly the 
lowest in organisation of this class. 

539. It appears, therefore, that of the four classes of Vertebrata, 
which appeared from the earliest geological age to the present 
time, two, the reptiles and fishes, instead of proceeding according 
to the supposition of progressively improving organisation, 
showed a series of changes of a directly opposite character, the 
most perfect being the earliest, and the least perfect the most 
recent; while the class of birds, with reference to their organi- 
sation only, and without reference to their number, remained 
stationary from the Triassic to the actual period. 

540. A question of high philosopliieal interest arises in reference 
to the progressive animalisation of the globe, which admits of solu- 
tion by a due examination of the organic remains deposited in 
the strata of the earth. This question is that of determining if 
the various organs of the most ancient animals have remained the 
same from the commencement of the world, or if they have been 
modified in consequence of the changes which may have taken 
place in the external conditions of their existence. 

541. Of all the organs, those of respiration are most intimately 
connected with this question. The several modes of animal 
respiration are as follows : — 

1. Cutaneous respiration, made by the whole surface of the body, 

and not by any special organ appropriated to that function. 

2. Aquatic respiration, made by means of branchia, or gills ; a 

special organ adapted to disengage the oxygen of the air 
from the water and appropriate it to the vital functions. 

3. Tracheal respiration, with which animals are endowed which 

live in the atmosphere, and appropriate its oxygen to the vital 
functions by means of traclieie. 

4. Pulmonary respiration, which is performed by lungs, as in the 

case of Mammalia generally. 

Marine animals respire either without any special organ and 
by means of the whole surface of their bodies, or by branchia 
(gills). 

542. The animals which respire without any special organ, are 
those of the lowest degree of organisation. Of these all the four 
classes of Echinodermata, Polyparia, Forarainifera, and Amor- 
phozoa, appeared on the earth in the Palaeozoic age in various 
degrees of perfection. We have therefore here, in the tirst epoch 
of creation, all the forms of cutaneous respiration. 

543. The animals which have aquatic respiration by means"of 
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branchia (gills), iuolude nearly all the Mollusca; among the 
Annnlata they include the Crustacea, the Annalids, and the 
Cirrhipeds ; and among the Vertebrata, all the fishes. We find 
all these represented in the Palaeozoic age ; and, on ascending 
from age to age, no modification of the respiratory apparatus is 
manifested. The living species which have branchial respiration 
belong to the same class as those which exercised like functions 
during the Palaeozoic age. 

544. All these circumstances lead, therefore, to the conclusion 
that the external conditions in which animals exist have undergone 
no essential change since the Palaeozoic age, inasmuch as the organs 
of respiration have remained the same, a conclusion which is still 
further confirmed when, descending from the orders, the genera 
are examined. 

545. In fine, to the question whether the marine animals have un- 
dergone any change in their structure since the first aniraalisation 
of the globe, or if they have greatly improved in their organisation, 
we may answer without hesitation by an absolute negative ; tor 
these primitive genera, or those most closely allied to them, which 
still represent them on the earth, prove that they had from the 
first the organic characters which they still preserve — that they 
have undergone no gradual improvement in organisation — that 
the medium in which they lived at the earliest epoch of the 
creation was the same as at present — that, therefore, no great 
change has taken place as to the conditions ot vitality of these 
beings, and that the seas in which they then existed are essentially 
similar to those which they now inhabit. 

546. All the terrestrial animals, whether of land or water, which 
breathe otherwise then by branchia, belong to the two classes 
which breathe either by trachea or lungs. 

Less perfect than pulmonary, tracheal respiration is peculiar to 
the class of insects and some Arachnida. We find this tunction 
perfectly repiesented in the animals of the Paleozoic epoch. As 
has been already stated, Coleoptera, Orthoptera, and Neuroptera, 
all of tracheal respiration, have been discovered in the Palaeozoic 
strata. As these insects belong to the same or analogous genera with 
those which now exist, we must assume that they were endowed 
with the same respiratory organs. We arrive, therefore, at the 
conclusion, as well for terrestrial animals which breathe by 
trachea, as for marine animals, that the respiratory organs have not 
undergone any progressive improvement, and that this class in 
the cradle of nature was what it still is ; in fine, that the medium 
of its terrestrial existence has always been the same, since the 
first animalisation of the globe to the present time. 

547. Pulmonary respiration prevails in three of the principal 
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divisions of the animal kingdom, the Vertebrata, Annulata, and 
the Mollusca. 

The Annulata of early geological epochs, which had pulmonary 
respiration, belonged to the order of Arachnida. We find, in 
the Carboniferous strata, one of the Palaeozoic group, the remains 
of an Arachnid (281, fig. 143), already mentioned, closely allied 
to the scorpion, which it is impossible to doubt had the same 
organisation as scorpions of the present day, and must, therefore, 
have lived under like conditions of animal existence. 

548. Considered in relation to their geological date, Vertebrata 
breathing by true lungs are found during the Palaeozoic age in 
the form of Saurians, the most perfect of reptiles. During the 
Triassic age tortoises and birds appear, which of all animals have 
the pulmonary system the most developed. It must, therefore, 
be inferred, that at these remote epochs, the medium in which 
birds and reptiles breathing the air by lungs lived, was little if 
at all different from the medium in which similar classes now 
live, which leads to the conclusion that, at this early period in the 
history of the globe, the composition of the atmosphere must have 
been nearly the same as at present. 

549. All these considerations lead to the following general con- 
clusions : — 

First. If the supposition of a gradually increasing perfection of 
organisation were admitted, we ought to find all the animals 
endowed with mere cutaneous respiration in the first stages of the 
world, and the others, proceeding successively from age to age, 
endowed with branchial, tracheal, and pulmonary respiration, 
whereas, on the contrary, we find in the very first epoch of the 
animalisation of the globe, all the modes of respiration manifested 
at once — a conclusion entirely at variance with the supposition of 
progressively improving organisation. 

Secondly. Whether we compare together the increasing or de- 
creasing development of zoological forms, or the dates of the 
appearance of the orders of animals with the perfection of their 
organs ; or take for the basis of our comparative researches 
the physiological conclusion deduced from the mode of respiration 
by animals, we uniformly arrive at the same negative results 
relatively to the supposition of progressive improvement of animal 
organisation. We must, therefore, accept it as proved, that no 
such progressive improvement has existed. 

Thirdly. No appreciable modification being found in the organs 
of respiration of animals from the most ancient epoch to the 
present, a great number of genera having always existed with the 
same characters since the first animalisation of the globe, it must 
be inferred that the vital elements have not changed, and that 
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the media in which animals existed, whether it be air or water, 
have remained the same both on land and sea. 

Fourthly, The media of existence being always the same, no 
change in these media can be adduced as a cause for the succes- 
sive extinctions and reproductions of the fauna of the earth, 
which have been manifested by geological phenomena as taking 
place during the successive geological periods, a conclusion of 
immense importance in the history of the globe. 

Fifthly. All the researches which have been made in the fossil 
fauna, deposited in the strata of the earth, lead to a conclu- 
sion of high geological importance, that, until the epoch which 
immediately preceded the appearance of the human race and its 
contemporaneous tribes upon the globe, all that part of the earth 
which has undergone a close and accurate geological survey, 
including France, England, Germany, Italy, Switzerland, Spain, 
Portugal, part of Russia, and the adjacent seas, were inhabited by 
a fauna altogether tropical, and such as is at present found only 
under the torrid zone. "VVe are forced, therefore, to the conclusion 
that, until the present period, the isothermal zones now observed 
had no existence. 

650. Of 1473 fossil genera hitherto discovered, IG only are found 
to exist in all the stages without exception. The remaining 1457 
arc distributed in different proportions throughout the staps. 
In some cases it is seen that certain genera arc only found in a 
single stage ; in others they prevail in two stages ; in others in 
three or more ; but, save in rare and exceptional cases, when 
they prevail in two or more stages, these stages are in regular 
geological succession. This persistence of the genera is a very 
important geological and palscontological fact. The exceptions to 
it do not exceed 3 per cent, of the entire number of fossil genera, 
and may, therefore, be regarded as arising from some accidental 
cause, 

551. This peculiar distribution of generic forms of the 
fossils, supplies to the geologist most useful stratigraphical 
tests. Thus, if a genus known to exist only in one peculiar 
geological stage, be found in any part of the crust of the earth 
whose structure has not been previously well ascertained, its 
presence may he taken as a certain indication of the character 
and position of the stage in which it is deposited. 

The Contemporaneous Age. 

HUMAN PEllIOD. 

652. The disruption of the earth’s crust, extending W. 16® S., 
and E. 16® N., through which the chain of the great Alps was 
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forced up to its present elevation (220), which, according to 
M. D’Orbigny, was simultaneous with that which forced up the 
Chilian Andes, a chain which extends over a length of 3000 
miles of the Western Continent, terminated the Tertiary age, and 
preceded immediately the creation of the human race and its 
concomitant tribes. The waters of the seas and oceans, lifted 
from their beds by this immense perturbation, swept over the 
continents with irresistible force, destroying instantaneously the 
entire fauna and flora of the last Tertiary period, and burying its 
ruins in the sedimentary deposits which ensued. 

553. By this dislocation, Europe underwent a complete change 
of form. Among the most remarkable eflects were the separation 
of the British Isles from the mainland by the subsidence of the 
land between Brittany and Normandy on the one side, and Corn- 
wall and Devon on the other, and the consequent irru[)tion of the 
sea. The Mediterranean, separated from the ocean, enlarged its 
limits by submerging a tract south ot Marseille, which had 
remained dry since the commencement of the Tertiary age. 
Europe in general took its present form and relief, with the ex- 
ception of some alluvial tracts, which at a more recent period 
were raised above the waters, either by the dihruption which 
produced the system of Tainarus (221) and raised Etna, Vesuvius, 
and Santorini, or by other local disturbances of less importance, 
such as partial earthquakes. 

554. Secondary efi'ects followed, which have left their traces on 
every part of the earth’s surface, llivers of immense magnitude 
poured their streams from all the elevated summits over the sub- 
jacent plains, spreading out from point to point of their course into 
extensive lakes, on the bottom ^ of which they deposited those 
alluvial strata of which so many examples are presented in the 
valleys, plains, and provinces of all the great continents. In 
Europe such deposits are seen in the valleys of the Rhine, the 
Rhone, and other great rivers, on the great plain of Crau, in the 
south of France, having an extent of fifty s(iuare leagues, on the 
plain of Bavaria, and that which spreads itself out at the foot of 
the Alps over the state of Lombardy and Venice. 

555. When the seas had settled into their new beds, and the 
outlines of the land were permanently defined, the latest and 
greatest act of- creation was accomplished by clothing the earth 
with the vegetation which now covers it, peopling the land and 
water with the animal tribes which now exist, and calling into 
being the human race, appointed to preside over all living things, 
and to manifest the glory of the Creator by the development of 
attributes so exalted, as to be described by the inspired author of 
Genesis as rendering man in a certain sense the image of his Maker. 
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o56. To convey an approximate estimate of this fauna, we have 
collected and arranged, from the data supplied by M. D’Orbigny, 
in the following table a synopsis of the total number of generic 
forms of each class. 

Synopsis of the generic forms included in all the fauna {exclusive of 
the Anmdata)^ from the first aninialisation of the earth to the human 
period inclusirely. 
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557. It appears from this, that so far as observation has supplied 
data for such an estimate, the total number of generic animal 
forms which have been called into being, since the first animalisa- 
tion of the earth to the present time, has been 2800. Of this 
number, 1327, or nearly the half, were created at the commence- 
ment of the human period, a large proportion for one period out 
of thirty. It must be observed, however, that it is extremely 
improbable that the number of genera in past periods is as well 
ascertained as in the present. In the one case we have the living 
creation to count from ; in the other we have nothing but the 
buried remains of the fauna of each period. 

Of the number of genera, 1473, that lived in previous ages, 
only 540 have reappeared. There are therefore 933 generic forms 
unknown to the present fauna. These, as we have seen, however, 
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were not simultaneously extinguished, a certain number dis- 
appearing for ever at the close of each period. 

558. The specific forms are far more numerous, and not so 
exactly ascertained. Those of fossil Mollusca and Kadiata have 
been elaborately described and catalogued by M. D’Orbigny, who, 
as we have already stated, has shown that each successive period 
had its own assemblage of species. In the following table, 
eompiled from the Prodrome de Pal6ontologie of that eminent 
naturalist, we have given a synopsis of the distribution of species 
in the successive ages and periods. 


Tabic showing the number of species of MoUnsca and Radiata by the 
fossil remains that have lived during the successive geological epochs 
and periods. 
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559. Since the date of the publication of this table, the number 
of ascertained species of fossil Mollusca and Kadiata has been 
increased by further discovery, and now amounts to 21000, to 
which 3000 fossil species of Vertebrata and Annulata being added, 
gives a total number of fossil specific forms, amounting to 24000. 

560. The most conspicuous condition which distinguishes the 
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present from all past periods, is the existence of the human 
race among its fauna, the attributes of which are so peculiar as 
to place it out of all analogy with the other classes of animals. 

661. Another striking physical difference between the present 
and all former periods, consists in the different divisions of 
the earth^s surface into climatological zones, each zone having 
its peculiar fauna and flora. In all former ages and periods, 
including those which immediately preceded the present, no traces 
of climatic distinctions have been found. It has been already 
shown that the fossil fauna and flora of latitudes the most 
different, are analogous to the fauna and flora of warm climates. 
Now since this uniform temperature can only be ascribed to 
the great predominance of the effects of the central heat of the 
earth over those of solar radiation, it might naturally be supposed 
that the change would have been gradual, and that as the surface 
of the earth would have cooled down by degrees, climates would 
have been gradually manifested, the first differing but slightly in 
temperature, and then from period to period the difference 
increasing, until at length the earth would arrive at its present 
condition, exhibiting the extremes and means of the torrid 
temperate, and frigid zones. 

Observation nevertheless has not as yet supplied any facts to 
confirm such theoretical views. On the contrary, in the fifth 
Tertiary period, which immediately preceded the present epoch, 
it is certain that the higher latitudes had a climate similar 
to that which now prevails towards the Line. Plants, now 
limited to southern latitudes, flourished in Europe. The palms, 
for example, which vegetated there, have completely disap- 
peared, having retired to warmer regions. The elephant, rhino- 
ceros, panther, and other tropical animals which abounded in 
high latitudes, have also wholly disappeared there, and are limited 
to those latitudes where a temperature prevails conformable to 
their organisation. The bear still lives in Europe, but not the 
species which is found entombed in the strata. 

562. To render the fossil fauna compatible with the existence 
of isothermal lines, it has been supposed that the remains of 
animals and plants, peculiar to warm climates, which are 
deposited in the strata of high latitudes, may have been trans- 
ported there by ocean currents. That such an hypothesis is 
inadequate and inadmissible, is demonstrated by the universality 
of the tropical tauna of all periods. The remains, especially of 
land animals and vegetables, which could by any possibility 
have been transported by such means, must necessarily have been 
few and local, and would appear merely as exceptions and 
anomalies among the fauna and flora proper to the climatic loca- 
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lity. No such condition of fossil deposits, however, is observed, 
those of the highest latitudes being as decidedly tropical as those 
of the lowest. 

563. The formation of downs, littoral deposits, the filling up of 
lagoons, and the conversion of deltas into tracts of land, are 
severally contemporaneous geological phenomena, which serve, by 
the rate of their progress, and by their cumulative effects, as a 
sort of natural chronometers, by which the age of the human 
race, and its contemporary fauna, may be approximately esti- 
mated ; and it is as remarkable as it is satisfactory, that the 
results are in no degree of discordance with the dates of Creation 
supplied by chronology, based on tradition and revelation. By 
the general accordance of such facts, it appears that the present 
period has now continued for not more than six or seven thousand 
years. 

564. After all that has been explained of the series of convul- 
sions which terminated the succession of periods in the history of 
the earth, it will he evident that the Mosaic narrative of the 
Deluge contains nothing incompatible with that course of events, 
which may be said, without exaggeration, to have been of 
habitual occurrence on our planet. Whether the Deluge be 
identified with the catastrophe which produced the system of 
Ttenarus or be ascribed to other convulsions, such as extensive 
earthquakes, is immaterial, so far as respects the mere credibility of 
the narrative. It is worthy of remark also, that the Mosaic narrative 
is in accordance with national tradition among various people s. 

565. As to the future, all inference must be based upon analogy 
with the past. During a succession of eight or nine and twenty 
periods, we have seen that creation after creation has taken place. 
Assemblage after assemblage of animated beings have peopled 
the earth, which has been clothed and re-clothed with vegetation 
for their well-being. Upon the close of period after period, it 
has pleased the Most High, in his inscrutable wisdom, to doom 
such animated worlds to sudden destruction, attaining Ilis purpose 
by the secondary agency of geological convulsions. The existing 
animated world presents nothing which can take it out of the cate- 
gory of the past, or exempt it from the ultimate fate whicdi an 
inexorable law has prescribed to all former creations. The eai th is 
still subject to the same local oscillations of its crust, whether con- 
tinual and gradual, or violent and sudden, as heretofore. Volcanic 
phenomena declare, in unequivocal language, that the heavings of 
the internal fiuid and incandescent matter have lost none of their 
terrific energy. Not only, therefore, docs nothing justify the 
supposition that the convulsion which raised the chain of the 
great Alps, and destroyed the fauna and flora of the fifth 
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Tertiary period, was the last to which the earth would he sub- 
jected, but every probability, based upon analogy to the past, 
points to the very opposite conclusion. When we affirm, there- 
fore, that a moment must arrive wdien what we call the present 
world will be destroyed ; wlien man, and all his monuments, will 
be involved in one common destruction, when 

“ The clond-capt towers, the gorgeous palaces, 

The solemn temi»les, the great globe itself, 
y ea, all that it inherits shall dissolve ; 

And, like an unsubstantial pageant faded, 

Leave not a rack behind;” 

we declare no more tlian all the analogies of the past history of the 
Earth confirm. 

But such finality will not, as Shakspeare implies, involve the 

great globe itself.’^ The law of periodicity which characterises 
in a manner so remarkable all the other plienomcna of nature, 
reappears in the acts of creation itself, and pronounces in terms 
not to be misunderstood the future Lite of the present tenants of 
the earth, and shadows forth its future destination. The con- 
vulsion which will sweep away man and his works, and the 
tribes of animals and vegetables created for his use, and will 
entomb thtdr remains, will be followed by a calm of nature, 
after which, if we are to trust in the permanency of the play of 
those creative laws which have hitherto characterised the opera- 
tions of Divine power, a new assemblage of organised beings will 
be called into life, and a new Lora will clothe the earth. Intel- 
ligences will })residc over this new world ivith faculties as much 
exalted above those with which man in all his pride is endowed, 
as the understanding of man himself is above that of the apes, 
monkeys, and baboons which were at the head of the population 
of the last period of the Tertiary age. 

566. The short account of the Creation given in the first chapter 
of Genesis is in accordance with the results of geological discovery, 
in as complete a manner as would be possible in so brief a summary, 
destined, not to instruct the world in geology, but, without 
violating truth, to convey a general notion of the work of Omni- 
potence in the ])rocess of creation. laght was first created, that 
is, the universally diffused ether, bj^ whose properties not only 
light, but heat and probably electricity and magnetism, if not 
gravity itself, severally exist. The firmament was next made, 
that is, space and the stars in countless numbers which occupy it, 
each of Avhich is a centre of attraction to a group of surrounding 
bodies, and among these stars the sun. 

567. According to Genesis, the organic creation was produced 
in four successive intervals of time, figuratively called Days, as 
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we now apply that term to any period during which a certain 
succession of phenomena are manifested. Thus we speak of the 
morning and the evening of life. 

“ ’Tis the sunset of life gives me mystical lore, 

For coming events cast their shadows before.” 

568. The first epoch was preceded by the formation of the 
outlines of land and water. The rupture of the incipient crust of 
the earth, as already explained (100), by throwing the solid 
surface into difierent levels, divided the earth into oceans, seas, 
continents, and islands: This is stated briefly but distinctlj' 
enough in Gen. i. 9, 10 : “And God said. Let the waters under 
the heaven be gathered together unto one place, and let the drj' 
land appear, and it was so. And God called the dryland Earth, 
and the gathering of the waters called he Seas : and God saw that 
it was good.’’ 

569. The surface of the land was now clothed with vegetation. 
Verses 11, 12 : “ And God said. Let the earth bring forth grass, 
the herb yielding seed, and the fruit tree yielding fruit after his 
kind, whose seed is in itself, upon the earth : and it was so. And 
the earth brought forth grass, and herb yielding seed after his 
kind, and the tree yielding fruit, whose seed was in itself, after 
his kind : and God saw that it was good.” 

570. The second epoch of organic creation was signalised by 
the production of animal life in its lowest forms, being limited to 
marine tribes included under the general and familiar name of 
Fishes. Verse 20: “ And God said. Let the waters bring forth 
abundantly after their kind.” This wal succeeded by the crea- 
tion of Birds : “And every winged fowl after his kind : and God 
saw that it was good. And God blessed them, saying. Be fruitful, 
and multiply, and fill the waters in the seas, and let fowl multiply 
in the earth.” 

571. In complete accordance with this account geological re- 
searches show, that in the stages which immediately rest upon 
the azoic formation beds of coal are found, proving that the 
first land was clothed with vegetation. The animal remains 
found in the same deposits, consist almost exclusively of marine 
tribes. Some foot- tracks of birds, as we have shmvn, are also 
found in these formations. No traces of land animals yet appear. 
Thus in accordance with Genesis, geology announces that the first 
acts of creation were the production of “ the grass, the herb 
yielding seed, and the tree yielding fruit after its kind,” and 
that then the Creator caused the “ waters to bring forth abun- 
dantly after their kind,” and called into existence every winged 
fowl after its kind. 
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572. The third epoch of creation was signalised by. the pro* 
duotion of Mammifers and of land animals generally (ver. 24} : 
“ And God said, Let the earth bring forth the living orei^tare 
after his kind, cattle, and creeping thing, and beast of the earth 
after his kind : and it was so. And God made the beast of the 
earth after his kind, and cattle after their kind, and every thing 
that creepeth upon the earth after Ids kind : and God saw that it 
was good.” 

573. The later geological ages, and especially the Tertiary, are 
here indicated, in which, as has been shown, the tribes mentioned 
in this short and popular statement were created. 

574. The fourth, last, and latest great act of Omnipotence 
was the creation of the human race. On the last day or 
epoch of creation, God said. Let us make man in our own 
image, after our likeness : and let them have dominion over 
the fish of the sea, and over the fowl of the air, and over the 
cattle of the field, and over all the earth, and over every creeping 
thing that creepeth upon the earth. So God created man in 
his own image, m the image of God created he him; male and 
female created he them.” 

575. It is perhaps in this last part of the Mosaic narrative that 
the most striking and interesting accordance with geological 
science is observable. According to Genesis, the last epoch of 
creation was exclusively given to the creation of the human race. 
Naturalists have reduced animal forms to seventy-eight orders, 
in one of which man stands alone. It appears from the researches 
of palaeontologists that of these seventy-eight, all but one, — that 
including man, — were created before the close of the Tertiary 
period, and that in the creation which followed that period, man 
was the only animal order added to those of former creations. 

57G. 1 have thought it right to -develope these points at some 
length, inasmuch as many consciences have felt alarm at the 
supposed discordance between Scriptural history and geological 
discovery. It will, however, be seen, from what I have here 
stated, that not only no such discordance exists, but that making 
such allowances for the latitude of language, as are indispen>able 
in the interpretation of so brief and popular a description, designed 
not for the scientific but for the mass of mankind, as that given in 
Genesis, there is the most remarkable and satisfactory accordance 
with natural phenomena. 


160 



Fig. 13. 


ECLIPSES. 


CHAPTER I. 

Mutual interposition of celestial objects. — 2. Their mutual obscuration. 
— 3. Eclipses, transits, and occultations. — 4. Solar eclipse. — 5. Lunar 
eclipse. — (5. Transit of a planet. — 7. Occultation of a fixed star. — 8. 
Appearance produced by transit of an inferior planet. Solar Eclipses : 

9, Efiects of the relative magnitude of the discs of the sun and moon. — 

10. Conditions which determine eclipses. — 1 1 . Conditions under which 
an eclipse does not take place. — 12. Condition of external contact. — 1 3. 
Condition of partial eclipse — detcrminatitm of its magnitude. — 14. In- 
ternal con tiict. — 15. Annular eclipse. — 16. Total ecliy)se. — 17. Greatest 
possible duration of a total eclipse. — 18. Condition of annular 
eclipses. — 19. Greatest possible duration of annular eclipses. — 20. 
Solar eclipses can only occur at or near a new moon. — 21. Effects of 
parallax. — 22. Data which determine the circumstances of eclipses. — 
23. Solar ecliptic limits. — 24. Anecdote of Columbus. — 25. Daily’s 
beads. — 26. These appearances produced by lunar mountains. — 
27. Flame-like protuberances round the dark disc of the moon. — 

Lardner’s Museum of Science. h 101 

No. 154. 



ECLIPSES. 


28. Solar eclipse of 1851. — 29. Observations of the Astronomer 
Royal upon it. — 80. Observations of Messrs. Dunkin and Humphreys 
upon it. — 81. Observations of Mr. W. Gray upon it. — 82. Ob- 
servations of Messrs. Stephenson and Andrews at Fredrichsvaarn. 
— 33. Observations of Mr, Ii^sell at Trollhiittan Falls. — 84. 
Observations of Mr. Hind at Ravelsborg, near Engelholm. 

1. Or the objects which in such countless numbers are scattered 
over the firmament, all those which constitute the solar system, 
except the sun itself, are in motion; and it must necessarily 
happen, occasionally, that some of them will assume a position 
between others and the eye of the observer placed upon the 
earth. When such an event happens the nearer of the two will 
intercept wholly or partially the view of the more distant. If 
the apparent magnitude of the nearer be greater than the more 
distant, such an obstruction may be total, but if less it can only 
be partial. 

2. Since all the bodies of the solar system are illuminated by 
the sun, and when deprived of the sun’s light are obscured and 
cease to be visible, it may also happen that some one of the bodies 
composing the system may intervene between the sun and another 
body, so as to deprive the latter of the light which it receives 
from that luminary. In such a ease the object deprived of light 
will be rendered wholly or partially invisible, according to the 
relative magnitude of the two bodies, the one intercepting the 
light and the other being obscured. 

3. Such conjunctions produce a class of occasional astronomical 
phenomena, which are invested with a high popular as well as a 
profound scientific interest. The rareness with which some of 
them are presented, their sudden and, to the vulgar mass, un- 
expected appearance, and the singular phenomena which often 
attend them, strike the popular mind with awe and terror. To 
the astronomer, geographer, and navigator, they subserve im- 
portant uses, among which the determination of terrestrial 
longitudes, the more exact estimation of the sun’s distance 
from the earth (which is the standard and modulus of all dis- 
tances in the celestial spaces), and, in fine, the discover}’^ of 
the mobility of light, and the measure of its velocity, hold 
foremost places. 

The phenomena resulting from such contingencies of position 
and direction are variously denominated eclipses, tkansits, and 
OCCULTA TIONS, according to the relative apparent magnitudes of 
the interposing and obscured bodies, and according to the circum- 
stances which attend them. 

4. When the disc of the moon passes between an observer and 
the disc of the sun, it intercepts in this manner more or less 
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of the latter, and produces the phenomenon called a solar 
eclipse, 

5. When the globe of the earth intervenes between the moon 
and the sun, it intercepts the light of the latter from a greater or 
lesser part of the moon’s disc, and produces the phenomenon 
called a lunar eclipse, 

6. When a satellite of a planet passes into such a position that 
the globe of the planet intervenes between the satellite and the 
sun, the latter is eclipsed. 

7. When the disc of the moon or of a planet passes between 
the eye of an observer and a fixed star, the star suddenly 
disappears, and the phenomenon is called an occultation of the 
star. 

8. When a planet passes between an observer and the sun’s 
disc there is seen projected upon the latter a small black circular 
spot, and in virtue of the relative motion of the sun and planet 
this black spot appears to pass across the disc of the sun from cast 
to west, producing the phenomenon called a transit of the planet. 
Since at the period of a transit the planet must be between the 
sun and the earth, and therefore nearer to the sun than the earth, 
this phenomenon can only happen with an inferior planet. The 
only planets, therefore, of which there can be transits are Yenus 
and Mercury. 


SOLATl ECLIPSES. 

9. The discs of the sun and moon, though nearly equal, are 
not exactly so, each being subject to a variation of magnitude 
confined within certain narrow limits; and, in consequence, 
the disc of the moon is sometimes a little greater, and some- 
times a little less, than that of the sun. Their centres move 
in two apparent circles on the firmament; that of the sun 
in the ecliptic, and that of the moon in a circle inclined to the 
ecliptic at a small angle of about 5°. These circles intersect at 
two opposite points of the firmament, called the moon’s nodes. 
In consequence of the very small obliquity of the moon’s orbit to 
the ecliptic, the distance between these paths, even at a consider- 
able distance at either side of the node, is necessarily small. 
Now, since the centres of the discs of the sun and moon must 
each of them pass once in each revolution through each node, it 
will necessarily happen from time to time that they will be both 
at the same moment either at the node itself, or at some points of 
their respective paths so near it, that their apparent distance 
asunder will be less than the sum of their apparent semi- 
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diameters, and either total or partial interposition must take 
place, according to the relative magnitudes of their discs, and to 
the distance between the points of their respective paths at which 
their centres are simultaneously found. 

10. This will be easily rendered intelligible. Let A, fig. 1, be 
the disc of the object eclipsed, and a be that of the interposing 
object which eclipses it. So long as the distance between the 
centres of the two discs is greater than the sum of their semi*- 
diameters, it is evident that the one disc will lie altogether out- 
side the other, so as not to intercept the view of any part of it. 
This will be apparent from an inspection of fig. 1 . 

11. This may be briefly explained thus: If e be the semi- 
diameter of A, and r that of a, and n be the distance between the 
two centres, then the one disc will lie altogether outside the other 
so long as n is greater than e -f r. 

Fig 1. Fig. 2. 

“•O' 

12. If the distance between the centres be equal to the sum of 
the two semi-diameters, then the two discs will touch each other, 
without either actually intercepting a part of the other. This 
case is shown in fig. 2, and is briefly explained thus: If 
D = K + r, the two discs will touch without encroaching one 
upon the other. This position of the discs is called external 
contacts 

13. If the distance between the centres of the two discs be less 
than the sum of the two semi- diameters, then one of the discs 
will necessarily encroach upon the other and a partial eclipse will 
take place. This case is shown in fig. 3. The breadth of the 


Fig. 3. 


Fig. 4. 


a 



a 



D 


part of the disc a obscured by a is evidently equal to the 
difference between the sum of the semi-diameters of the two discs 
and the distance between their centres, which is briefly expressed 
thus : If E + r be greater than i), then the one disc will encroach 
upon the other, and the breadth of the part intercepted will be 

R-f-r — n. 

14. If the distance between the centres of the two discs be 
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equal to the difference of the semi-diameters, then the one disc 
will lie within the other, just touching it, as shown in fig. 4. 
This position of the disc is called that of internal contact^ which 
therefore takes place when 


n = K — r. 

1 5. If the distance between the centres be less than the sum of 
the serai-diameters, but greater than their difference, then a 
partial interposition will take place, as shown in fig, 3. If the 
interposing disc be less than the obscured disc, and the distance 
between their centres be less than the difference between the 
semi-diameters, then the interposing disc will lie within the 
obscured disc, leaving a round ring of illuminated surface, not 
intercepted, as shown in fig. 5. If, in this case, the centres of 


Fig. 5. Fig. 6. 



the two discs coincide, the surrounding ring of light will be of 
uniform breadth. 

Such phenomena are called annular eclipses^ and when the 
centres coincide they are said to be centrical and annular. 

16, If the interposing disc be greater than the intercepted one, 
and at the same time the distance between the centres less than 
the difference of the semi-diameters, then the interposing disc 
will cover completely the other, and a total eclipse will take 
place, as shown in fig. 6. If in this case the centres of the two 
discs coincide, the eclipse is said to be total and central. In the 
case of the sun and moon the magnitude of eclipses are expressed 
by what are called digits. If the diameter of the eclipsed object, 
be it sun or moon, be supposed to be divided into twelve parts, 
each of which is called a digits the eclipse is said to measure as 
many digits as there are such parts in the greatest breadth 
of the obscured part, that is, in the difference between the sum 
of tlie semi-diameter of the sun and moon and the distance 
between their centres. To produce a total solar eclipse, it 
is therefore necessary, 1st, that the apparent diameter of the 
moon should be equal to or greater than that of the sun ; 
and, 2ndly, that the apparent places of their centres should 
approach each other within a distance not greater than the differ- 
ence of their apparent semi-diameters. When these conditions 
are fulfilled, and so long as they continue to be fulfilled, the 
eclipse will be total. 
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17. The greatest value of the apparent semi-diameter of the 
moon being 1006", and the least value of that of the sun being 
945", we shall have for the difference of their semi-diameters 61^ 
The greatest possible duration, therefore, of a total solar eclipse 
will be the time necessary for the centre of the moon to gain upon 
that of the sun 61'' x 2 = 122". But since the mean synodic 
motion of the moon is at the rate of 30" per minute, it follows 
that the duration of a total solar eclipse can never exceed four 
minutes. 

18. When the apparent diameter of the moon is less than that 
of the sun, its disc will not cover that of the sun, even when 
concentrical with it. In this case, a ring of light would be 
apparent round the dark disc of the moon, the breadth of which 
would be equal to the difference of the apparent semi-diameters, 
as represented in fig. 5. When the discs are not absolutely con- 
centrical, the distance between their centres being, however, less 
than the difference of their apparent semi-diameters, the dark 
disc of the moon will still be within that of the sun, and will 
appear surrounded by a luminous annulus, but in this case the 
ring will vary in breadth, the thinnest part being at the point 
nearest to the moon's centre ; and when the distance between 
the centres is reduced to exact equality with the difference 
of the apparent semi-diameters, the ring becomes a very thin 
crescent, the points of the horns of which unite, as represented 
in fig. 4. 

The greatest breadth of the crescent will be in this case 
equal to the difference of the apparent diameters of the sun and 
moon. 

The greatest apparent semi-diameter of the sun being 16' 18", 
and the least apparent semi-diameter of the moon being 14' 44",, 
the greatest possible breadth of the annulus when the eclipse is 
centrical will be 

16' 18" — 14' 44" = 1' 34" = 94", 


which is about the 20th part of the mean apparent diameter of 
the sun. 

19. The greatest interval during which the eclipse can continue 
annular is the time necessary for the centre of the moon to move 
synodically over 94" x 2 = 188", and, since the mean synodic- 
motion is at the rate of 30" per minute, this interval will be about 

188 

= 6*26 minutes, or about six minutes and a quarter. 
oO 

20. Solar eclipses can only occur at or near a new moon. This 
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is evident, because tbe condition wbicb limits the apparent distance 
between the centres of the discs to the sum of the apparent semi- 
diameters, involves the consequence that this distance cannot much 
exceed 30', and as the difference of longitudes must be still less 
than this, it follows that the eclipse can only take place within 
less than half a degree in apparent distance, and within less than 
two hours of the epoch of conjunction. 

21. Since the visual directions of the centres of the discs of 
the sun and moon vary more or less with the position of the 
observer upon the earth^s surface, the conditions which determine 
the occurrence of an eclipse, and if it occur, those which deter- 
mine its character and magnitude, are necessarily different in 
different parts of the earth. While in some places none of the 
conditions arc fulfilled, and no eclipse occurs, in others £in 
eclipse is witnessed which varies from one place to another in 
its magnitude, and in some may be total while it is partial in 
others. 

If the change of position of the observer upon the earth’s surface 
affected the visual directions of the centres of the two discs 
equally, which would be the case if they were equally distant, 
or nearly so, no change in the apparent distance between them 
would be produced, and in that case the eclipse would have the 
same appearance exactly to all observers in every part of the 
earth. But the sun being about 400 times more distant than the 
moon, the visual direction of the centre of its disc is affected by 
any difference of position of the observers, to an extent 400 times 
less than that of the moon’s centre. 

22. The relative positions of the discs of the sun and moon in 
the firmament, their apparent motions, and the effect produced 
upon their apparent positions by the varying positions of the 
observer upon the earth, being all known, the circumstances which 
determine the magnitude from minute to minute of the distance 
between their centres, are all given ; and the problem to determine 
the beginning of the eclipse, or the moment at which the distance 
between the centres becomes equal to the sum of their apparent 
diameters ; and the end of the eclipse, or the moment when, after 
diminishing and then increasing, it again becomes equal to the 
sum of their apparent diameters, is a matter of easy arithmetical 
calculation, although the practical details of such processes would 
not be suitable to the readers of this Tract. 

23. The moon’s orbit being inclined to the ecliptic at an angle 
of 5°, and, consequently, the distance of the moon’s centre from 
the ecliptic varying in each month from 0^ to 5^, while the 
interposition of the moon between any place on the earth and the 
sun, requires that the apparent distance of their centres should 
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not exceed the sum of their apparent semi-diameters, which 
never much exceeds half a degree, it is clear that an eclipse can 
never happen except when, at the time of conjunction, the appa- 
rent distance of the moon’s centre from the ecliptic is within 
that limit, a condition which can only be fulfilled within certain 
small distances of the moon’s nodes. 

There is a certain distance from the moon’s node, beyond which 
a solar eclipse is impossible, and a certain lesser distance, within 
which that phenomenon is inevitable. These distances are called 
the solar ecliptic limits. 

24. Columbus is said to have availed himself of his acquaint- 
ance with practical astronomy to predict a solar eclipse, and used 
the prediction as a means of establishing his authority over the 
crews of his vessels, w’ho showed indications of mutinous dis- 
obedience. 

The spectacle presented during a total eclipse is always most 
imposing. The darkness is sometimes so intense as to render the 
brighter stars and planets visible. A sudden fall of temperature 
is sensible in the air. Vegetables and animals comport them- 
selves as they are wont to do after sunset. Flowers close, and 
birds go to roost, Nevertheless, the darkness is different from 
the natural nocturnal darkness, and is attended with a certain 
indescribable unearthly light, which throws upon surrounding 
objects a faint hue, sometimes reddish, and sometimes cada- 
verously green. 

Many interesting narratives have been published by scientific 
observers who have been so fortunate as to witness these 
phenomena, 

25. When the disc of the moon, advancing over that of the 
sun, has reduced the latter to a thin crescent, it was observed by 
Mr. Francis Baily, that immediately before the beginning, or after 
the end of complete obscuration, the crescent appeared as a band 
of brilliant points separated by dark spaces, so as to give to it the 
appearance of a string of brilliant “ beads.” The phenomenon, 
which has since been frequently re-observed, thence acquired the 
name of ‘‘Baily’s beads.” 

Further observation showed, that, before the formation of the 

beads,” the horns^of the crescent were sometimes interrupted 
and broken by black streaks thrown across them. 

These phenomena are roughly sketched in figs. 7, 8. 

Figs. 9, 10, 11, 12, are taken from the original sketches of Mr, 
Baily, representing! the progressive disappearance of the beads 
after the termination* of the complete obscuration, 

26. These phenomena arise from the projections of the edge of 
the moon’s disc, serrated by numerous inequalities of the surface, 
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approacMng so close to the, external edge of the sun’s disc, that 
the points of the projections extend to the latter, while the 

Fitr. r. 
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intermediate spaces remain uncovered. This may be very appro- 
priately illustrated by laying the blade of a circular saw, having 
finely cut teeth, over a white circle of nearly equal diameter upon 
a black ground. The white parts between the teeth will appear 
like a necklace of white pearls. 

Fig. 0. Fig. 10. 





Fig. 11. Fig. 1-. 

27 . Immediately after the commencemenA)f the total obscura- 
tion, red protuberances, resembling flames, appear to issue from 
the edge of the moon^s disc. These appearances, which were 
first noticed by Vassenius, on the occasion of the total solar 
eclipse which was visible at Gottenberg on the 3rd of May, 1733, 
have been re-observed on the occurrence of every total solar 
eclipse which has taken place since that time, and constitute one 
of the most curious and interesting effects attending this class of 
phenomena. 

28. A total eclipse of the sun took place on the 28th of July, 
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1851, which became a subject of systematic observation by the 
most eminent astronomers of the present day. A considerable- 
number of English observers, aided by several foreigners, dis- 
tributed themselves in parties at different points along the path 
of the shadow, so that the chances of the impediments that might 
arise from unfavourable conditions of the atmosphere might be 
diminished. The reports and drawings of these various observers 
have been collected by the Iloyal Astronomical Society, and 
published in their transactions. 

The Astronomer Iloyal, with two assistants, Messrs. Dunkin and 
Humphreys, authorised by the Board of Admiralty, selected certain 
parts of Sweden and Denmark as the most eligible stations. 
Professor Airy observed at Gottenberg, Mr. Dunkin at Christiana,, 
and Mr. Humphreys, assisted by Mr, Miland, at Christianstad. 

29. The weather on the whole proved favourable at Gottenberg. 
We take from the report of the Astronomer Royal the following 
highly interesting particulars of the progress of the phenomenon. 

The approach of the totality, was accompanied with that 
indescribably mysterious and gloomy appearance of the whole 
surrounding prospect, which I have seen on a former occasion. A 
patch of clear blue sky in the zenith became purple-black while I 
was gazing at it. I took off the higher power, with which I had 
scrutinised the sun, and put on the lowest power (magnifying 
about 34 times). With this I saw the mountains of the moon 
perfectly well. I watched carefully the approach of the moon’s^ 
limb to the sun’s limb, which my graduated dark glass enabled 
me to see in great perfection ; I saw both limbs perfectly well 
defined to the last, and saw the line becoming narrower and the 
cusps becoming sharper without any distortion or prolongation of 
the limbs. I saw the moon’s serrated limb advance up to tho 
sun’s, and the light of the sun glimmering through the hollows 
between the mountain peaks, and saw these glimmering spots 
extinguished one after another in extremely rapid succession, but 
without any of the appearances which Mr. Daily has described. 
I saw the sun covered, and immediately slipping off the dark 
glass, instantly saw the appearances represented dX a h c d, 
fig. 13 (p. 161). 

“ Before alluding more minutely to these, I must advert to the 
darkness. I have no means of ascertaining whether the darkness 
really was greater in the eclipse of 1842 ; I am inclined to think 
that in the wonderful, and I may say appalling, obscurity, I saw 
the grey granite hills within sight of Hv^as more distinctly than 
the darker country surrounding the Superga. But whether 
because in 1851 the sky was much less clouded than in 1842 (so- 
that the transition was from a more luminous state of sky to a 
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darkness nearly equal in both, cases), or from whatever cause, the 
suddenness of the darkness in 1851 appeared to me much more 
striking than in 1842, My friends who were on the upper rock, 
to which the path was very good, had great difficulty in de- 
scending. A candle had been lighted in a lantern about a quarter 
of an hour before the totality; Mr. Haselgren was unable to 
read the minutes of the chronometer-face without having the 
lantern held close to the chronometer, 

“ The corona was far broader than that which I saw in 1842 : 
roughly speaking, its breadth was little less than the moon’s 
diameter ; but its outline was very irregular. I did not remark 
any beams projecting from it which deserved notice as much more 
conspicuous than the others ; but the whole was beamy, radiated 
in structure, and terminated (though very indefinitely) in a way 
which reminded mo of the ornament frequently placed round a 
mariner’s compass. Its colour was white, or resembling that of 
Venus, I saw no flickering or unsteadiness of light. It was not 
separated from the moon by any dark ring, nor had it any 
annular structure ; it looked like a radiating luminous cloud 
behind the moon. 

The form of the prominences was most remarkable. That 
which I have marked a reminded me of a bomerang. Its colour 
for at least two-thirds of its breadth, from the convexity towards 
the concavity, was full lake-red, the remainder was nearly white. 
The most brilliant part of it was the swell farthest from the 
moon’s limb ; this was distinctly seen by my friends and myself 
with the naked eye. I did not measure its height; but judging 
generally by its proportion to the moon’s diameter, it must have 
been 3'. This estimation perhaps belongs to a later period of the 
eclipse. The prominence h was a pale white semi-circle based on 
the moon’s limb. That marked c was a red detached cloud, or 
balloon, of nearly circular form, separated from the moon’s limb 
by a space (differing in no way from the rest of the corona) of 
nearly its own breadth. That marked d was a small triangular 
or conical red mountain, perhaps a little white in the interior. 
These were the appearances seen instantly after the formation of 
the totality, 

I employed myself in an attempt to delineate roughly the 
appearances on the western limb, and I took a hasty view of the 
country ; and I then examined the moon a second time. I 
believe (but I did not carefully remark) that the prominences 
ah c had increased in height ; but d had now disappeared, and a 
new one e had risen up. It was impossible to see this change 
without feeling the conviction that the prominences belonged to 
the sun and not to the moon. 
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“I again looked round, when I saw a scene of unexpected 
beauty. The southern part of the sky, as I have said, was 
covered with uniform white cloud; but in the northern part 
were detached clouds upon a ground of clear sky. This clear 
sky was now strongly illuminated, to the height of 30^ or 35^, 
and through almost 90“ of azimuth, with rosy-red light shining 
through the intervals between the clouds. I went to the telescope, 
with the hope that I might be able to make the polarisation- 
observation, (which, as my apparatus was ready to my grasp, 
might have been done in three or four seconds,) when I saw that 
the sierra, or rugged line of projections, shown at /, had arisen. 
This sierra was more brilliant than the other prominences, and its 
colour was nearly scarlet. The other prominences had perhaps 
increased in height, but no additional new ones had arisen. The 
appearance of this sierra, nearly in the place where I expected 
the appearance of the sun, warned me that I ought not now to 
attempt any other physical observation. In a short time the 
white sun burst forth, and the corona and every prominence 
vanished. 

“ I withdrew from the telescope and looked round. The 
country seemed, though rapidly, yet half unwillingly, to be 
recovering its usual cheerfulness. My eye, however, was caught 
by a duskiness in the south-east, and I immediately perceived 
that it was the eclipse-shadow in the air travelling away in the 
direction of the shadow’s path. For at least six seconds this 
shadow remained in sight, far more conspicuous to the eye than 
I had anticipated.” 

30. Owing to the unfavourable state of the atmosphere, the 
observations of the other members of the Admiralty party were 
not so satisfactory as those ,of its chief. Nevertheless, both 
observers saw the red prominences, though imperfectly, as com- 
pared with the results of the observations of the Astronomer 
Koyal. Baily’s beads were seen by Mr. Dunkin, as well before as 
after the total obscuration. Their appearance was of intense 
brilliancy, compared by the observer to a diamond necklace. 
Their effect on the observer was “quite overpowering,” being 
unprepared for a sight so magnificent. 

At Christianstad, the planets Venus, Mercury, and Jupiter, 
and the stars Arcturus and Vega, were visible during the totality 
of the eclipse. 

31. Mr. W. Gray, stationed at Tune, near Sarpsborg, saw the 
beads, both before and after the total obscuration. He saw four 
of the red projections, three of which are represented in fig. 14, 
the fourth resembling c and d in form, and diametrically opposite 
to a in position on the moon’s limb. 
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During tlie totality, the light seemed like that of an evening in 
August at an hour and a half after sunset. 

32. Messrs. Stephenson and Andrews, at Fredrichsvaarn, saw 
Daily’s beads both before and after the total obscuration. The 

Fig. 14. Fig. 15. 

V 


crescent, before disappearing, was seen as a fine thread of light, 
which broke up into fragments, and when it re-appeared, it gave 
the idea of globules of mercury rushing amongst each other along 
the edge of the moon. In a second or two after the disap- 
pearance of the crescent, a rose-coloured flame shot out from the 
limb of the moon, which in form resembled a sickle (see fig, 15). 
It increased rapidly, and then two other rose-coloured promi- 
nences, above and below it, started out, differing in shape, but 
evidently of the same character. Besides these, there were, 
as well between them as elsewhere, around the moon’s edge other 
lurid points and other indistinct lines. The height of the prin- 
cipal prominence was estimated at about the 
twentieth of the moon’s diameter, that is, 
about 1|'. The chief prominences looked like 
burning volcanoes, and the lurid points and 
lines reminded the observers of dull streams of 
cooling lava. 

33. Mr. Lassell, at Trollhattan Falls, having 
^ heard the red prominences seen in former total 
eclipses described as faint appearances, saw 
with astonishment around the dark disc of the 
moon, after the commencement of total obscura- 
tion, prominences of the most brilliant lake 
colour, — a splendid pink, quite defined and 
hard, fig. 16, They appeared not to be abso- 
lutely quiescent. The observer judged from their appearance that 
they belonged to the sun, and not to the moon. 
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34. Mr. Hind, at Ilavelsborg, near Engelholm, saw the beads, 
both before and after the total obscuration, in such a manner as 
to leave no doubt of their cause being that already explained. 
In five seconds after the commencement of the total obscuration, 
the corona or glory around the moon’s disc was seen. Its colour 
seemed to be that of tarnished silver, brightest next the moon’s 
limb, and gradually fading to a distance equal to one-third of her 
diameter, where it became confounded with the general tint of 
the heavens. Appearances of radiation are mentioned, similar to 
those described by Professor Airy. 

“ On first viewing the sun,” says Mr. Hind, ‘‘ without the dark 
glass after the commencement of totality, the rose-coloured 
prominences immediately caught my eye, and others were seen a 
few seconds later (fig. 17, p. 177). The largest and most remark- 
able of them was situate about 5° north of the parallel of declina- 
tion, on the western limit of the moon ; it was straight through 
two-thirds of its length, but curved like a sabre near the extremity, 
the concave edge being towards the horizon. The edges were of a 
full rose-pink, the central parts plainer, though still pink. 

Twenty seconds, or thereabouts, after the disappearance of 
the sun, I estimated its length at 45" of arc, and on attentively 
watching it towards the end of totality, I saw it materially 
lengthened (probably to 2'), the moon having apparently left 
more and more of it visible as she travelled across the sun. It 
was always curved, and I did not remark any change of form, 
nor the slightest motion during the time the sun was hidden. I 
saw this extraordinary prominence four seconds after the end of 
totality but at this time it appeared detached from the sun’s 
limb, the strong white light of the corona intervening between 
the limb and the base of the prominence. 

“ About 10° south of the above object I saw, during the totality, 
a detached triangular spot of the same rose colour, suspended, as 
it were, in the light of the corona, which gradually receded from 
the moon’s dark limb, as she moved onwards, and was, therefore, 
clearly connected with the sun. Its form and position, with 
respect to the large prominence, continued exactly the same so 
long as I observed it. On the south limb of the moon appeared 
a long range of rose-coloured flames, which seemed to be aifected 
with a tremulous motion, though not to any great extent. 

“ The bright rose-red of the tops of these projections gradually 
faded towards their bases, and along the moon’s limb appeared a 
bright narrow line of a deep violet tint : not far fro m the western 
extremity of this long range of red flames was an isolated pro- 
minence, about 40" in altitude, and another of similar size and 
form, at an angle of 145° from the north towards the east : the 
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moon was decidedly reddish purple at the beginning of totality, 
but the reddish tinge disappeared before its termination, and the 
disc assumed a dull purple colour. A bright glow, like that of 
twilight, indicated the position where the sun was about to 
emerge, and three or four seconds later the beads again formed, 
this time instantaneously, but less numerous, and even more 
irregular, than before. In five seconds more the sun reappeared 
as a very fine crescent on the sudden extinction of the beads,” 
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CHAPTEE II. 

35. Observations of Mr. Dawes near Eiigelliolm. — 36. Effects of total obscura- 
tion on surrounding objects and scenery. — 37. Evidence of a solar 
atinospliere. — 38. Probable causes of the red emanations in solar 
eclipses. Lunau Eclipses : 39. The earth’s conical shadow. — 40. Its 
section may be regarded as a dark disc moving on the firmament. — 
41. Conditions which determine lunar eclipses. — 42. Lunar ecliptic 
limits. — 43. Greatest duration of total lunar eclipses. — 44. Effects 
of the earth’s penumbra. — 45. Effects of refraction of the earth’s 
atmosphere in total lunar eclipse. — 46. Lunar disc visible during 
total obscuration. 

35. Mr. Dawes near Engelholm observed the beads, and found 
all the cireumstances attending their appearance, such as to leave 
no doubt as to the truth of the cause generally assigned to them. 
He observed the corona, a few seconds after the commencement of 
the totality, and estimated its extreme breadth at half the moon’s 
diameter, the brightness being greatest near the moon’s limb, and 
gradually decreasing outwards. The phenomena of the red pro- 
tuberances, witnessed by Mr. Dawes, are so clearly and satisfac- 
torily described by him, that we think it best here to give the 
account of them in his own words : — 

“Throughout the whole of the quadrant, from north to east, 
there was no visible protuberance, the corona being uniform and 
uninterrupted. Detweeu the east and south points, and at an 
angle of about 170® from the north point, appeared a large red 
prominence of a very regular conical form, fig. 18. When first 
seen, it might be about H' in altitude from the edge of the moon, 
hut its length diminished as the moon advanced. 
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‘‘ The position of this protuberance may be inaccurate to a few 
degrees, being more hastily noticed than the others. It was of a 
deep rose colour, and rather paler near the middle than at the 
edges. 

^‘Proceeding southward, at about 145® from the north point 
commenced a low ridge of red prominences, resembling in outline 
the tops of a very irregular range of hills. The highest of these 
probably did not exceed 40". This ridge extended through 50° 
or 55°, and reached, therefore, to about 197® from the north point, 
its base being throughout formed by the sharply- defined edge of 
the moon. The irregularities at the top of the ridge seemed to be 
permanent, but they certainly appeared to undulate from the west 
towards the east ; probably an atmospheric phenomenon, as the 
wind was in the west. 

“ At about 220° commenced another low ridge of the same cha- 
racter, and extending to about 250°, less elevated than the other, 
and also less irregular in outline, except that at about 225° a very 
remarkable protuberance rose from it to an altitude of 1 J', or more. 
The tint of the low ridge was a rather pale pink ; the colour of the 
more elevated prominence was decidedly deeper, and its brightness 
much more vivid. In form it resembled a dog's tushy the convex 
side being northwards, and the concave to the south. The apex 
was somewhat acute. This protuberance, and the low ridge con- 
nected with it, were observed and estimated in height towards 
the end of the totality. 

“ A small double -pointed prominence was noticed at about 
255°, and another low one with a broad base, at about 263°.. 
These were also of the rose-coloured tint, but rather paler than 
the large one at 225°. 

“ Almost directly preceding, or at 270°, appeared a bluntly tri- 
angular pink body, suspendedy as it were, in the corona. This 
was separated from the moon’s edge when first seen, and the 
separation increased as the moon advanced. It had the appear- 
ance of a large conical protuberance, whose base was hidden by 
some intervening soft and ill-defined substance, like the upper 
part of a conical mountain, the lower portion of which was obscured 
by clouds or thick mist. I think the apex of this object must 
have been at least V in altitude from the moon’s limb when first 
seen, and more than 1^' towards the end of total obscuration. Its 
colour was pink, and I thought it paler in the middle. 

“ To the north of this, at about 280° or 285°, appeared the most 
wonderful phenomenon of the whole. A red protuberance, of 
vivid brightness and very deep tint, arose to a height of, perhaps, 
1^' when first seen, and increased in length to 2', or more, as the 
moon’s progress revealed it more completely. In shape it some- 
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what resembled a Turkish cimeter, the northern edge being con- 
vex, and the southern concave. Towards the apex it bent suddenly 
to the south, or upwards, as seen in the telescope. Its northern 
edge was well defined, and of a deeper colour than the rest, espe- 
cially towards its base. I should call it a rich carmine. The 
southern edge was less distinctly defined, and decidedly paler. 
It gave me the impression of a somewhat conical protuberance, 
partly hidden on its southern side by some intervening substance 
of a soft or flocculent character. The apex of this protuberance 
was paler than the base, and of a purplish tinge, and it certainly 
had a flickering motion. Its base was, from first to last, sharply 
bounded by the edge of the moon. To my great astonishment, 
this marvellous object continued visible for about Jive seconds ^ as 
nearly as I could judge, after the sun began to reappear ^ which 
took place many degrees to the south of the situation it occupied 
on the moon’s circumference. It then rapidly faded away, but it 
did not vanish instantaneously. From its extraordinary size, 
curious form, deep colour, and vivid brightness, this protuberance 
absorbed much of my attention ; and 1 am, therefore, unable to 
state precisely what changes occurred in the other phenomena 
towards the end of the total obscuration, 

“ The arc, from about 283^ to the north point, was entirely free 
from prominences, and also from any roseate tint.” 

36. Although the different parties of observers scattered over 
the path of the moon’s shadow were not equally fortunate in having 
a clear unclouded sky, they were all enabled to observe and record 
the effects of the total obscuration upon the surrounding objects 
and country. Dr. llobertson of Edinburgh, Dr. Itobinson of 
Armagh, and some others, witnessed the ecli 2 )se from an island 
off* the coast of Norway, in lat. 61° 21', at a point in the path of 
the axis of the shadow. The precursory i)henomena corresi)onded 
with those described by other observers. The atmosphere was, 
however, obscured by clouds, which appeared to rush down in 
streams from the place of the sun. The sea-fowl flocked to their 
customary jdaces of rest and shelter in the ro(iks. The darkness 
at the moment of total obscuration was sudden, but not absolute ; 
for the clouds had left an open strip of the sky, which assumed a 
dark lurid orange, which changed to greenish colour in another 
direction, and shed upon persons and objects a faint and unearthly 
light. Lamps and candles, seen at fifty or sixty yards’ distance, 
were as visible as in a dark night, and the redness of their light 
presented a strange contrast with the general green hue of every- 
thing around them, “ The appearance of the country,” says Dr. 
Robertson, “seen through the lurid opening under the clouds, 
was most appalling. The distant peaks of the Tostedals and 
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Dorieffeld mouxLtains were seen still illuminated by the sun, 
while we were in utter darkness. Never before have we observed 
all the lights of heaven and earth so entirely confined to one 
narrow stripe along the horizon, — never that peculiar greenish 
hue, and never that appearance of outer darkness in the place of 
observation,, and of excessive distance in the verge of the horizon, 
caused in this case by the liills there being more highly illumi- 
nated as they receded, by a less and less eclipsed sun.” 

Mr, Hind says, that during the obscuration ‘‘ the entire land- 
scape was overspread with an unnatural gloom ; persons around 
him assumed an unearthly cadaverous aspect ; the distant sea 
appeared of a lurid red ; the southern heavens had a sombre 
purple hue, the place of the sun being indicated only by the 
coeona; the northern heavens liad an intense violet hue, and 
appeared very near. On the east and west of the northern 
meridian, bands of light of a yellowish crimson colour were 
seen, which gradually faded away into the unnatural purple of 
the sky at greater altitudes, producing an eftect that can never 
be effaced from the memory, though no description could give a 
just idea of its awful grandeur.” 

At several places in Prussia, where the heavens were unclouded 
during the total obscuration, a great number of the more con- 
spicuous stars, as well as the planets Jupiter, Yenus, and Mercury, 
were visible. Several flowering plants were observed to close their 
blossoms, birds which had been previously flying about disap- 
peared, and domestic fowls went to roost. 

37. Many of the phenomena attending total solar eclipses afford 
strong corroboratory evidence of the existence of a solar atmo- 
sphere, extending to a vast height above the luminous coating of 
the sun. 

The corona, or bright ray or glory, surrounding the dark disc of 
the moon where it covers the sun, is observed to be concentric with 
the moon only at the moment when the latter is concentric with 
the sun. In other positions of the moon^s disc, it appears to be 
concentric with the sun. This would be the effect produced by a 
solar non-luminous atmosphere faintly reflecting the sun’s light. 

38. It appears to be agreed generally among astronomers that 
the red emanations above described are solar, and not lunar. 
If they be admitted then to bo solar, it is scarcely possible to 
imagine them to be solid matter, notwithstanding the apparent 
constancy of their form in the brief interval during which at any 
one time they are visible, for the entire duration of their visibility 
has never yet been so much as four minutes. To admit the 
possibility of their being solar mountains projecting above the 
luminous atmosphere surrounding the sun, and rising to the height 
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in the exterior and non-luminous atmosphere forming the eorona 
necessary to explain their appearance, we must suppose their 
height to amount to nearly a twentieth part of the sun’s diameter, 
that is to 44000 miles. 


The fact that they are gaseous and not solid matter appears, 
therefore, to be conclusively established by their enormous m^- 
nitude, the great height above the surface of the sun at which 
they are placed, their faint degree of illuminatiou, 
and the circumstances of their being sometimes 


detached at their base from the visible limb of 
the sun. These circumstances render it probable 
that these remarkable appearances are produced 
by cloudy masses of extreme tenuity, supported, 
and probably produced in an extensive spherical 
shell of non-luminous gaseous matter, surrounding 
and rising above the luminous surface of the sun 
to a great altitude. 

lfnah eclipses. 

39, As the earth moves in its orbit round 
the sun it projects behind it a conical shadow, 
the axis of which is always directed to that 
point of the heavens which is in immediate 
opposition to the centre of the sun. A section 
of the sun s, and the earth c, and of the conical 
shadow made by a plane passing through the 
centres of the sun and earth, is shown in fig. 19. 

It will be evident whenever the globe of the 
moon or any part of it enters within the limits of 
the conical shadow a f a', it will be deprived of 
the sun’s light, and will consequently be eclipsed ; 
the circumstances, therefore, which determine 
lunar eclipses will depend upon the transverse 
section of the shadow at the moon’s distance from 
the earth, this distance being about one-third of 
the total length of the conical shadow. 

It is found by calculation that.its greatest appa- 
rent diameter, as seen from the earth, is 45' 42", 
and its least 37' 49". Its mean magnitude is. 



therefore, 41' 45", 

40. The section of the shadow may, therefore, be regarded as a 
dark disc, whose apparent semi-diameter varies between 37' 49" 
and 45' 42", and the true place of whose centre is a point on the 
ecliptic 180® behind the centre of the sun, A lunar eclipse is 
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produced hj the superposition, partial or total, of this disc on 
that of the moon, and the circumstances and conditions which 
determine such an eclipse are investigated upon the principles 
already explained. 

41. By the solar tables, the apparent position of the centre of the 
sun, from hour to hour, may be ascertained, and the position of 
the centre of the section of the shadow may thence be inferred. 
From the lunar tables, the position of the moon^s centre being in 
like manner determined, the distance between the centres of the 
section of the shadow and the moon’s disc can be ascertained. 

The magnitude of the eclipse is measured by the difference 
between the sum of the semi-diameters and the distance between 
the centres. 

42. That a lunar eclipse may take place, it is necessary that the 
moon, when in opposition, should approach the ecliptic within a 
distance less than the sum of the apparent semi-diameters of the 
moon and the section of the shadow. 

When the distance from the node at opposition is greater than 
50 ^4/ 21"^ a total eclipse cannot, and when less than 3® 54' 5", it 
must, take place. Between these limits it may or may not occur, 
according to the magnitude of the parallaxes and apparent 
diameters. 

43. The duration of a total eclipse depends on the distance 
over which, the centre of the moon’s disc moves relatively to the 
shadow, while passing from the first to the last internal contact. 
This may vary from 0, to twice the greatest possible distance of 
the moon’s centre from the centre of the shadow, at the moment 
of internal contact. 

44. Long before the moon enters within the sides of the cone 
of the shadow it enters the penumbra, and is partially deprived 
of the sun’s light, so as to render the illumination of its surface 
sensibly more faint. When once it passes within the line a' 
fig. 19, forming the external limit of the penumbra, it ceases to 
receive light from that part of the sun which is near the limb h. 
As it advances closer to the edge of the true shadow, more 
and more of the solar rays are intercepted by the earth; and 
when it approaches the edge, it is only illuminated by a thin 
crescent of the sun, visible from the moon over the edge of the 
earth at a\ It might be thus inferred, that the obscuration of 
the moon is so extremely gradual, that it would be impossible to 
perceive the limitation of the shadow and penumbra. Neverthe- 
less, such is the splendour of the solar light, that the thinnest 
crescent of the sun, to which the part of the moon’s surface near 
the edge of the earth’s shadow is exposed, produces a degree of 
illumination which contrasts so strongly with the shadow as to 
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render the boundary of the latter so distinct, that the phenomenon 
presents one of the most striking evidences of the rotundity of the 
earth, the form of the shadow being accurately that which one 
:globe would project upon another. 

45. If the earth were not surrounded with an atmosphere 
-capable of refracting the sun’s light, the disc of the moon would 
be absolutely invisible after entering within the 
edge of -the shadow. For the same reason, how- 
ever, that we continue to see the sun’s disc, and 
receive its rays after it has really descended 
below the horizon, an observer placed upon the 
moon, and therefore the surface of the moon 
itself, must continue to receive the sun’s rays 
after the interposition of the edge of the earth’s 
disc as seen from the moon. This refracted light 
falling upon the moon after it has entered within 
the limits of the shadow, produces upon it a 
peculiar illumination, corresponding in faintness 
and colour to the rays thus transmitted through 
the earth’s atmosphere. 

To render this more clear, let e fig. 20, 
represent a diameter of the earth at right angles 
to the axis cf of the shadow, and let a a' repre- 
sent the limits of the atmosphere. Let « c / be 
the ray proceeding from the edge of the sun, and 
forming therefore the boundary of the shadow, 
considered without reference to the atmosphere. 

But the solar rays in passing through the convex 
shell of air, between a and c, are affected as 
they would be by a convex lens composed of a 
transparent refracting medium, and are therefore 
rendered convergent, so that the ray s e, instead 
of passing directly to will be bent inwards 
towards m', while the ray which really passes 
from e to / is one which comes in the direction 

e, and therefore from a point within the 
sun’s disc. The moon’s disc, therefore, or any point of it which 
is within the angle m e m', will receive this refracted light, 
und will be illuminated by it in accordance with its colour and 
intensity. 

The defl.ection which a solar ray suffers in passing through the 
atmosphere towards e on the side of the sun, is equal to the hori- 
zontal refraction ; and as, according to the principles of optics, 
it suffers an equal refraction in passing out on the other side, the 
iotal deflection, which is measured by the angle m e m', is twice 
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the horizontal refraction. But the mean value of the horizontal 
refraction being 33^, the mean value of the angle mem' will 
be 66'. But since the greatest value of m e o is 45' 42", it follows 
that the refracted ray e m' will fall upon the section of the shadow 
at a point beyond its centre ; and since the same will take place 
at all points round the shadow, it follows that the entire section 
will be more or less illuminated by the light thus refracted : the 
iutensity of such illumination increases from the centre towards 
the borders. 

46. When the moon’s limb first enters the shadow at w, the 
contrast and glare of the part of the disc still enlightened by the 
direct rays of the sun render the eye insensible to the more feeble 
illumination produced upon the eclipsed part of the disc by the 
refracted rays. As, however, the eclipse proceeds, and the 
magnitude of the part of the disc directly enlightened decreases, 
the eye, partly relieved from the excessive glare, begins to 
perceive very faintly the eclipsed limb, which is nevertheless 
visible from the beginning in a telescope, in which it appears 
with a dark grey hue. When the entire disc has passed into 
the shadow, it becomes distinctly visible, showing a gradation|Of 
tints from a bluish or greenish on the outside to a gradually 
increasing red, which, further in, changes to a colour resembling 
that of incandescent iron when at a dull red heat. As the lunar 
disc approaches the centre of the shadow, this red line is spread 
all over it. Its illumination in this position is sometimes so 
strong as to throw a sensible shadow, and to render distinctly 
visible ^in the telescope the lineaments of light and shadow 
upon its surface. 

These efiects are altogether similar to the succession of tints 
developed in our atmosphere at sunset, and arise, in fact, from 
the same cause, operating, however, with a two-fold intensity. 
The solar rays traversing twice the thickness of air, the blue and 
green lights are more effectually absorbed, and a still more 
intense red is imparted to the tints transmitted. Without 
pursuing these consequences further here, the student will find 
no difficulty in tracing them in the effects of sunset and of 
sunrise, and of evening and morning twilight. 
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SOUND. 


1. Definition. — 2. Air the conductor. — 3. Sound progressive. — 4. Breadth 
of sonorous waves. — 5. Musical sounds, how characterised. — 6. Pitch. 
— 7. Loudness. — 8. Timbre. — 9, 10. Velocity. — 11. Distances measured 
by sound. — 12. Density of air affects loudness. — 13. Effect of atmo- 
spheric agitation. — 14. Sound conveyed through liquids. — 15. Solids. 
— 16. Effects of Elasticity of air. — 17. Chladni’s experiments. — 18, 
Monochord.— 19. Vibration of musical strings. — 20. Cause of har- 
mony shown. 

1. Sound is the sensation produced in the organs of hearing 
when they are affected by undulations transmitted to them 
through the atmosphere. These undulations are subject to an 
infinite variety of physical conditions, and each variety is followed 
by a different sensation. 

2. That the presence of air or other conducting medium is 
indispensable for the production of sound, is proved by the fol- 
lowing experiment. 

Let a small apparatus (fig. 1, p. 186) called an alarum, con- 
sisting of a bell a, which is struck by a hammer moved by 
clockwork, be placed under the receiver of an air-pump, through 
the top of which a rod slides, air-tight, the end of the rod being 
connected with a detent which governs the motion of the clock- 
work connected with the hammer. This rod can, by a handle 
placed outside the receiver, be made to disengage the detent, so 
as to make the bell ring whenever it is desired. 
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This arrangement being made, and the alarum being placed 

within the receiver, upon a 
soft cushion of wool e, so as 
to prevent the vibration from 
being communicated to the 
pump-plate, let the receiver 
be exhausted in the usual 
way. When the air has been 
withdrawn, let the bell be 
made to ring b}'’ means of the 
sliding- rod. No sound will 
be heard, although the per- 
cussion of the tongue upon 
the bell, and the vibration of 
the bell itself, are visible. 
Now if a little air be ad- 
mitted into the receiver, a 
faint sound will begin to be 
heard, and this sound will 
become gradually louder in 
proportion as the air is gra- 
dually readmitted. 

In this case the vibrations 
which directly act upon the 
ear are not those of the air 
contained in the receiver. 
These latter act upon the re- 
ceiver itself and the pump- 
plate, producing in them sympathetic vibration; and those 
vibrations impart vibrations to the external air which are trans- 
mitted to the ear. 

If in the preceding experiment a cushion had not been inter- 
posed between the alarum and the pump-plate, the sound of the 
bell would have been audible, notwithstanding the absence of air 
from the receiver. The vibration in this case would have been 
propagated, first from the bell to the pump-plate and to the bodies 
in contact with it, and thence to the external air. 

3. Since the propagation of undulations through the atmosphere 
is progressive, an interval of time, more or less, must elapse 
between the vibration of the sounding body and the perception of 
the sound by a hearer, and such interval will be proportionate to 
the distance of the hearer from the sounding body, and to the 
velocity with which sound is propagated through the intervening 
medium. This progressive propagation of sound can be directly 
proved by experiment. 

186 




SONOROUS WAVES. 


Let a series of observers, a, b, c, b, &o., be placed in a line, at 
distances of about 1000 feet asunder, and let a pistol be discharged 
at P, about 1000 feet from the first observer. 


This observer will see the flash of the pistol about one second 
before he hears the report. The observer b will hear the report 
one second after it has been heard by a, and about two seconds 
after he sees the flash. In the same manner, the third observer 
at c will hear the report one second after it has been heard by the 
observer at b, and two seconds after it has been heard by the ob- 
server at A, and three seconds after he perceives the flash. In 
the same way, the fourth observer at D will hear the report one 
second later than it was heard by the third observer at c, and 
three seconds later than it was heard by the observer at A, and 
four seconds after he perceives the flash. 

Now it must be observed, that at the moment the report is 
heard by the second observer at B, it has ceased to be audible 
to the &st observer at a ; and when it is heard by the third 
observer at c, it has ceased to be heard by the second observer at 
B, and so forth. It follows, therefore, from this, that sound 
passes through the air, not instantaneously, but progressively, and 
at a uniform rate. 

4. As the sensation of sound is produced by the wave of air 
impinging on the tympanum of the ear, exactly as the momentum 
of a wave of the sea would strike the shore, it follows that the 
interval between the production of sound and its sensation, is the 
time which such a wave would take to pass through the air from 
the sounding body to the ear ; and since these waves are propa- 
gated through the air in regular succession, one following another 
without overlaying each other, the breadth of a wave may always 
be determined if we take the number of vibrations which the 
sounding body makes in a second, and the velocity with which 
the sound passes through the air. If, for example, it be known 
that in a second a musical string makes 500 vibrations, and that 
the sound of this string takes a second to reach the ear of a person 
at a distance of 1000 feet, there are 500 waves in the distance of 
1000 feet, and consequently each wave measures two feet. 

The velocity of the sound, therefore, and the rate of vibration, 
are always sufficient data by which the length of a sonorous wave 
can be computed. 

5. . It has not been ascertained, with any clearness or certainly, 
by what physical distinctions vibrations which produce common 
sounds or noises are distinguished from such as produce musical 
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sounds. It is nevertheless certain, that all vibrations, in pro- 
portion as they are regular, uniform, and equal, produce sounds 
proportionahly more agreeable and musical. 

Sounds are distinguished from each other by their pitch or 
tone, in virtue of which they are high or low ; by their intensity, 
in virtue of which they are loud or soft ; and by a property ex- 
pressed in French by the word timbre, which we shall here adopt 
in the absence of any English equivalent. 

6. The pitch ol* tone of a sound is grave or acute. In the 
former case it is low, and in the latter high, in the musical scale. 

The more rapid the vibrations are, the more acute will be the 
sound. A bass note is produced by vibrations much less rapid 
than a note in the treble. 

All vibrations which are performed at the same rate produce 
waves of equal length and sounds of the same pitch. 

7. The intensity of a sound, or its degree of loudness, depends on 
the force with which the vibrations of the sounding body are made. 

8. The timbre of a sound is not easily explained, and still less 
easily can the physical conditions on which it depends be ascer- 
tained. If we hear the same musical note produced with the 
same degree of loudness in an adjacent room successively upon a 
flute, a clarionet, and a hautboy, we shall, without the least 
hesitation, distinguish the one instrument from the other. Now 
this distinction is made by observing some peculiarity in the notes 
produced, yet the notes shall be the same, and be produced with 
equal loudness. 

9. It is manifest from the absence of all confusion in the effects 
of music, at whatever distance it may be heard, that in the same 
medium all sounds have the same velocity. If the different 
notes simultaneously produced by the various instruments of 
an orchestra moved with different velocities through the air, 
they would be heard by a distant auditor at different moments, 
the consequence of which would be, that a musical performance 
would, to the auditors, save those in immediate proximity 
with the performers, produce the most intolerable confusion 
and cacophony; for different notes produced simultaneously, and 
which, when heard together, form harmony, would at a distance 
be heard in succession ; and sounds produced in succession would 
be heard as if produced together, according to the different velo- 
cities with which each note would pass through the air. 

1 0. The velocity of sound varies with the elasticity of the medium 
by which it is propagated. Its velocity, therefore, through the air 
will vary, more or less, with the barometer and thermometer. 

The experimental methods which have been adopted to ascertain 
the velocity of sound are similar in principle to those which have 
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been briefly noticed by way of illustration. The most extensive 
and accurate system of experiments which have been made with 
this object, were those made at Paris by the Board of Longitude 
in the year 1822. The sounding bodies used on this occasion, 
were pieces of artillery charged with from two to three pounds of 
powder, which were placed at Villejuif and Montlhery. The ex- 
periments were made at midnight, in order that the flash might 
be more easily and accurately noticed. They were conducted by 
MM. Prony, Arago, Mathieu, Humboldt, Gay Lussac, and Bouvard. 
The result of these experiments was, that when the barometer was 
at 29*8 inches, and the thermometer at 61®, the velocity of sound 
was 1118’4 feet per second. 

According to the theory of Laplace, the velocity of sound in- 
creases at the rate of I’ll feet per second for every degree in the 
rise, and decreases at the same rate for each degree in the fall of 
the thermometer. Hence it appears that the velocity of sound at 32® 
is 1086 ’2 feet per second. For all practical purposes, it is sufficiently 
exact to take 1120 feet as the velocity of sound at 62®, and allow 
thirteen inches for every variation of a degree in temperature. 

11. The production of sound is in many cases attended with the 
evolution of light, as, for example, in fire-arms and explosions 
generally, and in the case of atmospheric electricity. In these 
cases, by noting the interval between the flash and the report, 
and multiplying the number of seconds in each interval by the 
number of feet per second in the velocity of sound, the distance 
can be ascertained with great precision. Thus, if a flash of lightning 
be seen ten seconds before the thunder which attends it is heard, 
and the atmosphere be in such condition that the velocity of sound 
is 1120 feet per second, it is evident that the distance of the 
cloud in which the electricity is evolved must be 11200 feet. 

12. The same sounding body will produce a louder or lower 
sound, according as the density of the air which surrounds it is 
increased or diminished. In the experiment already explained, 
in which the alarum was placed under an exhausted receiver, the 
sound increased in loudness as more and more air was admitted 
within the receiver. If the alarum had been placed under a 
condenser, and highly compressed air collected round it, the 
sound would be still further increased. 

When persons descend to any considerable depth in a diving- 
bell, the atmosphere around them is compressed by the weight of 
, the column of water above them. In such circumstances a 
whisper is almost as loud as the common voice in the open air, 
and when one speaks with the ordinary force it produces an efiect 
60 loud as to be painful. 

On the summit of lofty mountains, where the barometric column 
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falls to one-half its usual elevation, and where therefore the air 
is highly rarefied, sounds are greatly diminished in intensity. 
Persons who ascend in balloons find it necessary to speak with 
much greater exertion, and, as would be said, louder, in order to 
render themselves audible. When Saussure ascended Mont 
Blanc, he found that the report of a pistol was not louder than a 
common cracker. 

13. Violent winds and other atmospheric agitations afieot the 
transmission of sound. When a strong wind blows from the 
hearer towards the sounding body, a sound often ceases to be 
heard which would be distinctly audible in a calm. A tranquil 
and frosty atmosphere placed over a smooth and level surface is 
favourable to the transmission of sound. Lieutenant Forster held 
a conversation with a person on the opposite side of the harbour of 
Port Bowen, in the third polar expedition of Sir Edward Parry, 
the distance between the speakers being more than a mile. 

It is said that the sound of the cannon at the battle of Waterloo 
was heard at Dover, and that the cannon in naval engagements 
in the Channel have been heard in the centre of England. 

14. Liquids are also capable of propagating sound. Divers 
can render themselves audible at the surface of the water ; and 
stones or other objects struck together at the bottom produce a 
sound audible at the surface. 

It appears from the experiments of M. CoUadon, made at 
Geneva, that sounds are transmitted through water to great 
distances with greater force than through air. A blow struck 
under the water of the Lake of Geneva was distinctly heard 
across the whole breadth of the lake, a distance of nine miles. 

Solid bodies, such as walls or buildings interposed between the 
sounding body and the hearer, diminish the loudness of the 
sound, but do not obstruct it when the sound is made in air ; but 
it appears from the experiments of M. CoUadon, that the inter- 
position of such obstacles almost destroys the transmission of 
sound in water. 

15. Solids which possess elasticity have likewise the power of 
propagating sound. If the end of a beam composed of any solid 
possessing elasticity be lightly scratched or rubbed , the sound will 
be distinct to an ear placed at the other end, although the same 
sound would not be audible to the ear of the person who produces 
it, and who is contiguous to the place of its origin. 

The earth itself conducts sound, so as to render it sensible to 
the ear when the air fails to do so. It is well known, that the 
approach of a troop of horse can be heard at a distance by putting 
the ear to the ground. In volcanic countries, it is said that the 
rumbling noise which is usually the prognostic of an eruption is 
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first heard by the beasts of the field, because their ears are gene- 
rally near the ground, and they then by their agitation and 
alarm give warning to the inhabitants of the approaching cata- 
strophe. Savage tribes practise this method of ascertaining the 
approach of persons from a great distance. 

16. The velocity with which sound is transmitted through the 
air varies with its elasticity ; and where dififerent strata are ren- 
dered difterently elastic by the unequal radiation of heat, the 
agency of electricity, or other causes, the transmission of sound 

be irregular. In passing from stratum to stratum differing 
in elasticity, the speed with which sound is propagated is not 
only varied, but the force of the intensity of the undulations is 
diminished by the combined efiects of reflection and interference, 
so that the sound, on reaching the ear, after passing through 
such varying media, is often very much diminished. 

The fact, that distant sounds are more distinctly heard by night 
than by day, may be in part accounted for by this circumstance, 
the strata of the atmosphere being during the day exposed to 
vicissitudes of temperature more varying than during the night. 

17. The solids composing the body of an animal are capable of 
transmitting the sonorous undulations to the organ of hearing, 
even though the air surrounding that organ be excluded from 
communicating with the origin of the sound. 

Chladni showed that two persons stopping their ears could 
converse with each other by holding the same stick between their 
teeth, or by resting their teeth upon the same solid. The same 
eflfect was produced when the stick was pressed against the breast 
or the throat, and other parts of the body. 

If a person speak, directing his mouth into a vessel composed 
of any vibratory substance, such as glass or porcelain, the other 
stopping his ears, and touching such vessel with a stick held 
between his teeth, he will hear the words spoken. 

The same efiect will take place with vessels composed of metal 
or wood. 

If two persons hold between their teeth the same thread, stop- 
ping their ears, they will hear each other speak, provided the 
thread be stretched tight. 

18. Of the various forms of apparatus which have been con- 
trived for the production of musical soimds, with a view to the 
experimental illustration of their theory, that which is best 
adapted for this purpose, called a monoelwrd or sonometer 
(fig. 2) consists of a string of catgut or wire attached to a 
fixed point, carried over a pulley, and stretched by a known 
weight. Under the string is a hollow box or sounding- 
board, to the frame of which the pulley is attached. The string 
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rests upon two bridges, one of wMcb is fixed, and the other can 
be moved with a sliding motion to and fro, so as to vary at 
pleasure the length of the part of the string included between the 
two bridges. 

A divided scale is placed under them, so that the length of the 
vibrating part of the string may be regulated at pleasure. By 
varying the weight, the tension of the string may be increased or 
diminished in any desired proportion. This may be accomplished 
with facility by circular weights which are provided for the pur- 
pose, and which may be slipped upon the stem of the weight. 
By means of this apparatus, the relation between the various 
notes of the musical scale and the rate of vibration by which they 
are respectively produced have been ascertained. 

19. The rate of vibration of a string such as that of the mono- 
chord is inversely as its length, other tilings being the same. 
Thus, if its length be halved, its rate of vibration is doubled ; if 
its length be diminished or increased in a threefold proportion, 
its rate of vibration will be increased or diminished in the same 
proportion ; and so forth. 

Let the bridges be placed at a distance from each other as 
great as the apparatus admits, and let the weight whicli stretches 
the string be so adjusted, that the note produced by vibrating the 
string shall correspond with any proposed note of the musical 


scale ; such, for example, as fe-:z=, the low c of the treble clef. 

This being done, let the movable bridge be moved towards the 
fixed bridge, continually sounding the string until it produces the 
octave above the note first sounded, that is, until it produces the 


middle c 


of the treble. 


If the length of the string be now ascertained by reference to 
the scale of the monochord, it will he found to be precisely one- 
half its original length 

20. Hence it follows, that the same string will sound an octave 
higher if the length is halved. But the rate of vibration will be 
doubled when the length of the string is halved. Hence it 
follows, that two sounds, one of which is an octave higher than 
the other, will be produced by vibrations, the rate of which will 
be in the proportion of 2 to 1 ; and, consequently, the length of 
the undulation producing the lower note will be double that of 
the undulation producing the higher note. 

By like experiments it is shown that the more frequent the 
coincident vibrations are the more perfect is the harmony, and 
the less frequent they are the more discordant are the notes. 
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Cold water pump of steam-engine, v. 
32 

Coleridge and Wedgewood, ii. 143 
Colours, i. 85 ; ih. 203 ; ii. 84 ; v. 

74 ; vii. 73 ; ib. 109 
Columbus, xii. 168 
(/oma, ii. 69 

Combustion, ii. 10 ; ih. 194 
Comets, i, 163 ; ii. 68, 93 ; xi. 147- 
196 

Comraou Prayer-book, vii. 10 

year, vii. 21 

Com mutator, iii. 178 ; ib. 186; iv. 18 
Compensation of foi-ces in rt'atehes, 
vi. 26 

Compositor, xi. 5 
(yompressor, ix, 40 
Concave reflector, vii. 87 
i Concavo-convex lens, v. 201 
I Condensation of vapour, ii. 105 
I Condenser, viii. 97 
I Condensing engines, v. 30 ; iv. 205 
I Conduction of heat, vi. 148 
I (Conductors, lightning, iii. 120; x. 184 
; Cones, volcanic, iv. 172 
i Confusion, year of, v. 162 
I Congelation by radiation of heat, vi. 
146 

Constellations, vii. 151 
Contemporaneous period, xii. 152 
Continental railways, vi. 141 

roads, iii. 22 ; iv. 119 

Continents, average height of, ix. 188 
Convex lens, viii. 100 
Convulsion of the earth’s surface, iv. 
149 

Cooper, Mr., his charts of 45,000 
stars, yL l67 
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Copper, its advantages for steam- 
boilers, V. 3 ; vi. 203 
Coral reefs, xiL 77 
Cornea, v. 51 ; vi. 60 
Coruisli China-clay, ii. 166 

engines, iv. 207 

Corpuscular theory of light, i. 195 
Correspondents of journals, hi. 15 
Corrosion of marine boilors, x. 143 
Corsica, system of, xii. 19 
Cote d’Or, xii. 18 
Cotopaxi, iv. 173 
Cotton, transport of, hi. 3 
Counter-steam contrived by Watt, v. 
48 

Coupled wheels of locomotives, vi. 
119 

Craters of elevation, iv. 170 ; i5. 174 ; 
xi. 106 

Creative power, xi. 38 ; il). 56 
Creosoted deal troughing, hi. 146 
Cretaceous age, xii. 94 
Cricket, Shakspeare’s allusion to the, 
ix. 202 

Crime, iv. 82 ; vhi. 95 
Crowded rooms poisonous, h. 14 ; ih. 
204 

Crown-wheels, vi. 20 
Crusades, the, ih. 22 
Crust of the earth, iv. 148 
Crustaceous auimalculai, ix. 93 
Cryo})horous, Hersehel’s experiment 
of the, hi. 40 
Crystalline humour, v. 52 
Crystals of salt, vi. 204 
Cuban railways, ii. 62 
Cunard steamers, x. 119 
Cupping, ii. 5 
Current, electric, ih. 122 

voltaic, ix. 41 

Curves, expedient for passing railway, 
ii. 47 

Cuttle-iish, v. 80 
Cuvier, viii. 117 ; xi. 137 
Cyclops ininutus, ix. 26 
Cypreea elegans, xi. 64 
Cyrene, potters of, h. 123 


DAGUERREOTYrE, microscopic, vi. 99 
Dalton, Dr., i. 86 ; v. 96 
Damper in steam-furnace, v. 18 
Daniel’s constant battery, hi. 126 
Dardanelles and Bosphorus, ix. 141 
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Darnet, Mde., il 105 
Darwin, Dr., viii. 138 
Davy, Sir H., iv. 188 
Dawts’, Mr., observations on Saturn’s 
rings, i. 56 

Day, i. 34 ; v, 118 ; ih» 140 ; vl 75 
De Luc's balloon ascent, iv. 185 
Dead plates of steam-engine, v. 12 

points in action of steam-engine, 

vl 116 

Decimal reckoning for time desirable, 
V. 118 

Declension, the sun’s, i. 104 
Degeer’s examples of instinct in ani- 
mals, viii. 133 
Deluge, the, ii. 90 
De Morgan, Prof., vh. 18 
Densities of the planets, i. 35 
Density of water, ih. 77 ; iv. 1S4 
Derby porcelain, h. 165 
Descartes, viii. 115 
Desk, metallic, iv 47 
Despatches, telegraphic, iv. 77 
Detonations, subterranean, iv. 172 
Dew, hi. 91 

Diagonal barometer, iv. 182 
Dial, hi 204 

Diamonds, hi. 116 ; vh. 108 
Diaphragms, ix. 31 
Dlithermous bodies, vi. 148 
Differential thermometer, vi. 159 
Diffraction, i. 205 ; ix. 45 
Dilation and contraction by vaiiation 
of heat, vi. 146 
Diligences, ih. 12 
Diluvium, xi. 46 
Dionysius Exiguus, vii. 5 
Discordant stratification, xi. 73 
Diseases, i. 125 ; h. 77 
Dispersive power, vii. Ill 
Dissolving views, viii. 198 
Distillation, ii. 104 
Diurnal parallax, vh. 175 

rotation of heavens, v. 123 

Divine wisdom, vi. 194 
Divisibility of matter, vi. 197 ; ih, 
204 

Dog, the, vh. 91 ; vih. 157 ; ix. 193 
Dog-days, vii. 38 ; ix. 169 
Dog-star, vii. 191 

Domesticity and tameness, vhi. 173 
Donne, Dr., vi. 99 

Double action of forcing pump, vi. 
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Double refracting crystals, ix. 68 

stars, i. 86 ; vii. 203 

Doublets, viii. 108 
Dragon-fly, ix. 89 
Drawings and engravings, vi. 51 
Drebbel’s air thermometer, vi. 159 
Dresden porcelain, ii. 155 
Driving wheels, vi. 118 
Drone, the, x. 9, 11, 33, 52, 75 
Dry fogs, ii. 82 
— st^m, V. 5 
Drying processes, ii. 100 
Dubose, M., viii. 201 
Duhamel du Monceau’s experiments, 
i. 118 

Duplex escapement, vi. 37 
Diireaux dc la Mai on bawks and fal- 
cons, viii. 166 


Eagle, the, viii. 167 

Eartli, the, i. 10 ; ii. 73 ; iii. 41 ; 

vi. 195; ix. 130 ; xi. 33 
Earthlight at the moon, iii. 42 
Earthquakes and vohaiioos, iv. 150 ; 
xi. 83 

Easter, vii. 9 

Eastern continent, ix. 157 

Ecclesiastical moon, vii. 11 

Eclipses, xiL 162 

Ecliptic, vii. 43 

Egypt, j)yramids of, iv. 207 

roads, iii, 10 

months or years, v. 148 ; ih. 155 

Ehrenberg, M., xi. 131 ; ib. 168 
Electric current, iii. 118 

telegraph, i. 179 ; iii. 14 ; 

ib. 116 ; iv. 31 
Electricity, iii. 118 
lectro-chemical pen, iv. 47 
^ectro-magnet, iii. 197 ; x. 196 
^lectro-motive power, x. 193 
Element.s, the ; ideas of the ancients, 
ii. 9 

Elephant, the, viii. 157 
Elers, Messrs., their pottery, ii. 140 
Elie deEeaumont, M., xi. 82 ; xii. 22 
Encke’s comet, ii. 67 ; xi. 195 
Engines, high and low pressure, v. 29 
England, iii. 24 ; iv. 141 ; xi. 124 
Ensenheim, meteoric stone at^ i 139 
Entrecolles, Father, ii. 150 
Epact, vii. 14 
Ejddemics, il 77 


Equation of time, v. 1 33 
Equator, i. 98 ; iii 57 
Equatorial and polar waters, inter- 
change of, iii. 78 
Equinoctial points, v. 166 
Equinox, the day of, v. 165 ; vii. 30 
Equinoxes, precession of the, v. 167 
Eras, vii. 24 ; ib, 55 
Erie canal, ii. 19 
Entptions, ii. 79 ; iv. 172 
Escapement wheel, vi. 18 ; ih. 34 
Ether, i. 195 
Ethiopian, viii. 85 
Etna, Mount, xi. 108 
Etruria, in Staffordshire, ii. 142 
Europe, outlines of, ix. 140 
European and American Telegraph 
Company, iv. 118; vi. 1 43 
Evaporation, ii. 99 ; iii. 89 ; iv. 200 
Evening star, vii. 44 
Explosion of steam-boilers, ii. 25 
Eye, the, i. 9 ; ib. 85 ; v. 50 ; viii. 71 
Eye-piece of microscope, ix. 25 

Facial angle, viii. 54 
Factory engine, v. 34 
Faciiles ancl Lucules, iii. 108 
Fahrenheit’s thermometer, vi. J55 
! Fairl^im, W., x. 167 
Fan, i. 94 
Faye, M., xi. 165 
I Featheiing pfuldles, x. 156 
: February, v. 150 

' Filaments of wool, silk, and fur, vi. 200 
I Filteriug-pai)er, ii. 102 
! Fingal’s cave, xi. 79 
! Fiuisterre, system of, xii, 12 
' Fire, ii. 193 ; iv. 132 

! halls, i. 133 ; ib. 150 

I damp, ii. 199 ; iv. 188 

I engine, v. 191 

[ syringe, i. 136 

I works, i. 86 

I wells in China, iv. 168 

' Firmament, iii. 55 ; v. 73 ; vii. 146 
; Fishes, iv. 174 ; vL 76 ; viii. 157 
! Flame, ii. 198 ; iv. 189 
; Flaugergue’s observations on the baro- 
1 meter, i. 76 
i Flannel, i. 94 
; Flaxman, Mr., ii. 143 
Flies, V. 106 

I Floral clock of Linnaeus, i. 11 
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Florida, peninsula of, ix. 155 
Flourens, M., viii. 164 
Fluids, ii. 4 
Fluted wire, vi. 19 
Fly-wheel, v. 41 

Focal length and principal focus, rii. 
98 

Focussing, ix. 27 
^ Fog signals, i. 174 
^ Fogs, ii. 82^; iii. 94 • 

Foot of man, viii. 60 
Forbes, Prof., xi. 94 
Forcing pump, v. 188 
Fore and after milk, vi. 0 
Forest, American, xi. 93 
Forked lightning, v. 74 
Fossils, dilferent, xi. 59, 6.3 ; ih. 

130-4 ; ih. 136 ; ib. xii. 35 
Foucault, M., iii. 58 
Foundlings, viii. 82 
Fractional magnitude, vii. 184 
France, iii. 4 ; ix. 140 ; xii. 60 
Franklin, Dr., viii. 140 
Freezing by radiation of heat, i. 116 
Freezing point and boiling point, vi. 
183 

Frog's tongue, v. 65 

Froinent, !M., iv. 38 ; th. 46 ; vi. 53 ; 

X. 195, 205-7-8 
Frozen sea, iii. 7 5 
Fruits, troiiicral, transport of, iii. 9 
Fuel, iv. 205 ; v. 15, 143 
Fulgurites, x. 1S3 
Full moon, vii. 49 
Fmmu'olles, xi. 116 
Fusee in time-pieces, vi. 24 
Fusion by heat, vi. 146 


Oau-fly, viii. 134 
Galactic circle, viii. 11 
Galen, viii. 67 

Galileo, i. 43; iii. 54; v. 102; 
vi. 7 

Gaile, i. o5 ; vi. 180 
Galvanic battery, iii. 120 
Galvanometer, iii. 194 
Garden watering pumps, v. 191 
Gases, ii. 9 

Gasparis’ discovery of planets, vi. 1G8 

Gauge, steam, v. 9 ; ib. 44 

Gay Lussac, iv. 1 85 

Gearings, x. 166 

Geography, ix. 130 ; xL 34 
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Geological horizon, xii. 25 

periods, ib. 29 

phenomena, xi. 121 

Geology, viii. 105 ; xi. 6 


! Geometrical problem of the globe, 


1 


German pottery, ii. 138 

se])ulchres, ii. 122 

Germany, iv. 26 ; iii. 14 
Geysers, xi. IIG 
Giaut’s Causeway, xi. 78 
Glasgow Saturday journals, iv. 85 
Glazing, potter s, ii. 184 
Globe, the, xi. 53 
I Globules of blood, vi. 100 
, Glow-worm, ix. 203 
Gnat, the, ii. 90 
! Gneiss, xi. 41 
Gold, vi. 198 

Golden number, the, v. 158 ; vii. 14 
Goniometers, ix. 58 
Goring, Dr., vi. 75 ; ix. 13 
Graham’s discovery of the planet 
; Metis, vi. 168 
Grain, i. 119 
' Granite, xi. 39 
Grates, ii. 202 


Gravitation, iii. 103 
: Great Britain steamer, x. 169 
j Greece, iii. 19 ; ix. 141 
1 Greek months, v. 148 
I Greenland, ix. 155; xi. 92 
i Greenwich, i. 100; iv. 101 
I Gregorian calendar, v. 170 
Grove’s battery, iii. 127 
Growth, its ell'ects, viii. 79 
Guacamayo, volcano of, iv. 172 
Gulf of Mexico, ix. 151 
Gymnopleurus pilularius, viii. 133 


Hauley’s sextant, i. 105 
Hail, iii. 95 

Haiuault, syst(^m of, xii. 15 
Hale du Bivouac, i. 122 
Halley’s comet, ii. 69 ; xi. 175 
Hamster, the, viii. 67 
Hand, the, viii. 57 
Hannomr, Paul, ii. 164 
Harmattan of Africa, ii. 85 
Harmony, xii. 192 
Hawk, the, viiL 166 
Heat, i. 7 ; iii. 66 ; vi. 145 ; ix. 
181 ; X. 46 
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Heavens, the, i. Ill ; vii. 146 
Hebrew Scriptures, x. 2 
Hecla, Mount, ii. 85 
Hegira, era of the Mahometans, vii. 
56 

Hellenic peninsula, ix. 156 
Hemis])heres, iii. 57 
Henderson’s observations at the Cape, 
vii. 181 

Henley’s magnetic telegraph, iv. 58 
Herculaneum and Pompeii, xi. 100 
Hermes Trismegist(»s, v. 155 
Hersehol, Sir J., i. 57 ; ib. 67 ; xi. 
205 

— Sir W., i. 206 ; vi. 57 

Hightori’s improvements in tele- 
graphs, iii. l:J5 

Himalayas, the, v. 105; ix. 181 
Hind, Mr., vi. 166 ; vii. 2U2 
Historiciil dab's, v. 164 
Hive, bee, x. 25 
Hoar-frost, iii. 

Homer, ii. 116 ; ih. 120 
Horologioal commutator, iii. 188 ; iv. 
06 

Horse, the, viii. 157 

Horseshoe magnet, iii. 208 ; iv. 2 

Horsley, Bishop, i. 76 

Hour-glass, vi. 4 

Hours, V. 118 

Huber, X. 4 ; lb. 4r) 

Hudson, steam navigation on the, ii. 
21 ; X. 114 

Human body, the, i. Po ; viii. 83 

knowledge, iii, 59 

race, viii. 83 

Humble bees, x. 44 
Humboldt, iv. 153 
Hundsruck, xi. 5 
Hurricanes, iii. 77 
Huygen, M., on Saturn, i. 51 
Hyades and the Pleiades, vii. 164 
Hyaloid capsule, v. 53 
Hydrogen, ii. 194 
Hydrometer, vi. 103 
Hydrometric indicator, x. 137 
Hygienic conditions, viii. 76 
Hyloeosaurus, the, xi. 61 


Ice, artificial, iii. 93 
Icebergs, iii. 78 
Ice-fields, iii. 78 
Iceland, vi. 155 


Ichneumon, viii. 135 
Ichthyosaurus, xi. 61 ; xii. 75 
Ides, V. 153 
Ignis fatuus, ii. 199 
Iguanodon, the, xi. 61 
Illumination, ii. 201 ; v. 64 ; ix, 47 
Imposing, xi. 7 
Incandescence, vi. 147 
Incubation, i. 123 
India, iii. 173 ; ix. 156 ; xi. 92 
Indiction, vii. 20 
Infantile organs, viii. 71 
Ink-bottle, pneumatic, v. 107 
Insects, vi. 62 ; X. 5, 86, 131 
I Instinct, viii. 114 
j Intelligence, viii. 117 
j Inventions, neglect of, iv. 9 
j Iris, the, v. 52 
j Irregular reflection, vii. 60 
! Islands, volcanic, iv. 175 
I Isochronism of the pendulum, vi. 9 
j Isothermal lines, iii. 68 
; Italian pottery, ii. 133 

* time, V. 120 

i Itch insect, the, vi. 95 


Jack o’LANTnoRN, ii. 199 
I Jamaica, earthquake at, iv. 162 
j Januarius, St., v. 173 
I January, v, 150 
Jet d’eau, near Calais, iv. 168 
Johnston’s physical Maps, ix. 185 
Journalism, iii. 15 
Julian calendar, v. 159 

period, vii. 24 

Julius Caesar and Napoleon, v. 160 
Juno, Harding’s discovery of, vi. 165 
Jupiter, i. 28 ; ib. 37 ; ii. 68 

Serapis, xi. 93 

Jurassic age, xii. 66 
period, xii. 7 7 


Kaleidoscope, v. 205 
Kaolin, ii. 130 ; ib. 165 
Kase, grotto of Bertrich, xi, 79 
Kater, Captain, vi. 5 
Kepler, ii. 67 
Key commutator, iii. 187 
Knuckles, the, v. 153 
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Labour and rest, i. 10 
Lactoscope, vi. 109 
Lady-day, v. 175 

Lamellicomes, or Gymnopleums pi- 
lularius, viii. 138 
Lampadias, ii. 91 
Lamps, ii. 206 

Land and water, ix. 130 ; xii. 2-7 

spouts, iii. 88 

Language, vii, 171 

Laplace, ii. 94 ; xi. 167 

Lardner, Dr., iii. 115 ; ih. 117 ; iv. 

50 ; V. 202 ; x. 118 
Larv^a of the motli, viii. 124 
Lassell, Mr., vi. 187 
Latent heat, iv. 201 ; vi. 140 
Latitude, i. 99 ; iii, 53 
Lava, iv. 170 

■ dykes, xi. 115 

Leap years, v. 164 
Leg and foot, vii. 60 
Lens, V. 198 ; vii. 93 ; ix, 13 
Leroy, M., viii. 164 
Levcrrier, iii. 117 
Lewenhoeck, M., ix. 51 
Loxcll, M., xi. 167 
Lieherkuhn, ix. 45 
Life, viii. 81 
Ligerian basin, xii. 133 
Light, i. 46 ; ib. 195-205 ; v. 68 ; 
vii. 60 ; ix. 44 

Lightning, iii. 115 ; ih. 142 ; x. 187 
Lima, earthquake at, ii. 78 ; iv. 156 
Lincens spherieus, ix. 92 
Linnaeus, i. 11 
Lioness, the, viii. 174 
Liparis chrysorrhea, viii. 133 
Lisbon, earthquake at, iv. 160 
Llanos of Orinoco, ix. 153 
Locomotive, the, vi. 113 
Log ships, vi. 4 

London and N. W. Railway, vi. 141 

Longevity, viii. 80 

Longitude, i. 100 ; ib. Ill ; iv. 95 

Longmynd, xii. 13 

Looking-glass, viii. 120 

Lottin, M., x. 189 

Loudon’s Gardening, i. 67 

Lough Neagh, xi. 95 

Low Sunday, vii. 19 

Luminous undulations, i. 204 

Lunar attractions, i. 70 

changes, vii. 46 

cycle, vii. 13 
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Lunar eclipses, xii. 182 

influence, i. 114-125 

month, vii. 1 

mountains, iii. 46 

Lunation, v. 146 
Lurco or glutton, ix. 93 
Luther, vi. 167 
Lyell, M., xii. 90 


I Maclean’s observations at the Cape, 
! vu. 181 

I Maclear and Smith, xi. 206 
I Madagascar, ix. 142 
j Madler, Mr., i. 40 
Magdeburg hemispheres, v. 99 
Magic lanthom, viii. 193 
Magnet, iii. 192 

Magnetic Telegraph Company, iii. 

145 ; iv. 117 
Magnifying glasses, 

Majolica, ii. 133 ; viii. 97 
Major jdanets, i. 35 
Maki, viii. 62 
Malay, viii. 85 
Malus, Mr., i. 206 
Man, viii. 49 ; xi. 58 ; xii. 156 
Maiidl, Dr., vi. 96 
Mantell, Dr., xi. 68 
i Map of telegraphic network, iv. 136 
I Marble, vi. 197 
I Marbles, iv. 1 69 
j March moon, vii. 53 
} Marinoni, M., xi. 24 
i Market gardeners, v. 180 
; Marks, I’rofessor, and Dr. McCaul, 
! ix.203 

Marriage, viii. 82 
Mars, i. 3 
Marseilles, iii. 22 
Mailh, Mr., vi. 166 
Materialism, viii. 89 
Matter, vi. 207 
Maury, Lieut., iii. 168 
Mean time, v. 135 
Mediterranean, ix. 139 

basin, xii. 72 

Meissen, royal manufactory at, ii. 154 
Memory, vii. 147 
Mercedonius, v. 154 
Mercurial thermometer, vi. 149 
Mercury, i. 13 ; vi. 155; iv. 180 ; xi. 162 
Meridian, terrestrial, v. 124 ; iii. 57 ; 
ib. 62 ; vii. 147 



GENERAL INDEX. 


Metals, vi. 147 
Meteoric cycle, i. 77 

masses, i. 133 ; ii. 78 

Meteorology, xi. 5 
Meteors, i. 142 

Meton and Metonic cycle, v. 157 
Mexico, iv. 162 
Micrometers, ix. 53 
Micrometer screw, vi. 53 
Micrometric apparatus, iv. 190; ix. 51 
Micropolariscope, ix. 65 
Microscope, vi, 62 ; ix. 2 
Microscopic objects, vi. 52 ; ix. 63 
Middle ages, iii. 21 
Midsummer, vii. 88 
Migration, viii. 126 
Mileage, i. 164 ; vi. 136 
Milk, vi. 106 

teetli, viii. 73 

Milky Way, viii. 12 
Mineral springs, ii. 102 

veins, xi. 84 

Mines, v. 192 

Mirrors, vii. 123 

IVlissing stars, vii. 203 

Mississippi, ii. 30 ; ix. 162 

Mithridates, ii. 82 

Mollusca, xii. 113 

Mongol, viii. 85 

Monkeys, viii. 128 

Monocbord, tlie, xii. 191 

Monte Nuovo, xi. 96 

Month, the, v. 143 ; ix. 173 

Moon, the, i. 29 ; iii. 34 ; v. 144 ; 

vii. 9 ; ib. 11 
stars, i. 60 

Moore, T., ix. 197, ib. 198, ih. 201 
—203 

Moore’s Almanack, vii. 4 
Moors, the, ii. 133 
Morbihan, xii. 13 
Morning stars, vii. 44 
Morpho Menelaus, vi. 55 
Morse’s telegraph, iv. 41 
Mosaic deluge, ii. 91 

history, xii. 157 

Motion, V. 73 

Mountains, ii. 9 ; iii. 52 ; iv. 170 ; 

vi. 195 ; ix. 185 ; xi. 74 ; xii. 6. 
Mountebanks, i. 96 
Mud volcanoes, iv. 169 
Multiplier, magnetic, iii. 194 
Mungo Park, x. 110 
Murchison, Sir R., xi. 70 ; xii, 40 


Murphy’s Almanack, i. 69 
Muscles, the, viii. 79 
Music, iii. 200 ; iv. 71 
Musical strings, xii. 192 
Mygale, the, viii. 123 


Nankin pagoda, ii. 148 
Naples, ii. 120 

Narni, meteoric stone at, i. 134 
Nautical Almanack, i. Ill 
Neap tides, vii. 135 
Near-sightedness, v. 56 
Nebulae, vi. 56-58 ; viii. 24 
Needle, electric, iii. 194 

instruments, iv. 10 

Neptune, vi. 171 
Nervous system, viii. 50 
Netherlands, the, iv. 143 
Newall & Company, iii. 152 
Newspapers, iv. 90 ; xi. 29 
News-rooms, iv. 85 
Newton, vii. 66 ; xi. 174 
Nicene Council, vii. 9 
Night-travelling, i. 192 
Nobert’s test-plates, vi. 67 
Nones, v. 152 

North of England system, xii. 15 

American peninsula, ix. 154 

Northern hemisphei e, ix. 167 
Northumberland coal, ii. 200 ; xi. 
Norway and Sweden, ix. 140 
Numa, V. 150 
Number, i. 88 
Nymph of bee, x. 54 
of white ant, ix. 100 


OBSPmVATORIES, iv. 98 
Oceans and seas, xi. 34 
Ocular spectra, v. 77 
Odd numbers, v. 151 
Odoui'S, i. 88 
GUningen, xii. 137 
Oliio, the, ix. 160 
Olber, M., i. 127 ; vi. 164 
Old style, v. 173 
Olefiant gas, ii. 199 
Opacity, vii. 58 
Ophthalmometer, v. 202 
Optic nerve, v. 53 
Optical images, vii. 81 
Orbits, cometary, xi. 146 
Organic remains, xi. 45 ; xii. 27 
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Organs of animals, xii. 147 
Orinoco, ix. ICa 

Orion, Tii. 159 
O’Shangbnessy, Br., iii. 174 
Ourang-outang, viii. 159 
Ovens, potter s, ii. 189 
Oxydation^of metals, iii. 124 
Oxygen gas, ii. 10 ; ih, 107 


Pachydebmata, viii. 158 

Paddle-^rheels, x. 126 

Pairs, elements, and poles, iii. 132 

Paleozoic ]teriods, xii. 41 

Palissy, Bernard, ii. 13G 

Palhis, vi. 163 

Palm Sunday, vii. 1 9 

Palma, island of, xi. 107 

Pampas, the, ix. 153 

Paper, iv. 6 

Parallax, vii. 173 ; xii. 167 
Paris, rain at, iii. 94 
Parliament, iv. 86 
Pascal, V. 100 
Paschal moon, vii. 16 
Passover, vii. 9 
Patterns for carpets, v. 207 
Pecari, viii. 158 

Pegasus and Andromeda, vii. 156 
Pen, electro-chemical, iv. 47 
Pendulum, iii. 59 ; vi. 6 
Peninsulns, ix. 154 
Pentamerus, the, xi. 66 
Pentecost, vii. 20 
Penumbra, earth’s, xii. 182 
Periodic stars, vii. 197 
Periscojac sj»ectacles, v. 201 
Perseus, vii. 157 
Personal identity, viii. 88 
Peru, iv. 166 
Potcrhoif steamer, x. 149 
Petung-tse, ii. 130 
Phantasmagoria, i. 89 ; viii. 196 
Philiscus, X. 3 

Philosophical instruments, x. 202 
Phosphorus, ii. 11 

Photography, vi. 11 ; ih. 99 ; viii. 
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Photometer, vii. 189 
Pigeons, viii. 149 
Pigott’s comet, xi. 171 
Pilgrim, M., i. 72 
Pilot engines, iv. 80 
Pinion wheel, vi. 19 
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I Pirene, fountain of, iv. 167 
' Pit coal, ii. 201 
Plague of London, ii. 78 
Plane reflector, vii. 83 
Planetoids, i. 64 
Planets, i. 3; vi. 161-3 
Plants, i. 10 
Pliny, i. 119 
Plutjirch, iii. 167 
Podura or spring tail, vi. 63 
Poisson, M., i. 137 
Polar ice, iii. 369, 380 

star, i. 102 

voyages, i. 12 

Polarised ray, ix. 60 

Poles, the, i. 98 ; iii, 57 ; il. 132 

Polynesia, ix. 148 

Pompilides, viii. 143 

Pons’ comet, xi. 171 

Pontifis, mistake of, v. 163 

Population, iii. 4 

Porcelain, Chinese, ii. 125 

Portland dirt bed, xi. 122 

Potosi, ix. 152 

Potteries, ii.'llS 

Pouillet, M., iii. 126 

Pon-sa, ii. 150 

Prairies, ix. 153 

Precession of the equinoxes, v. 167 
Pressure of steam, v. 9 
Primogeuiturc, x. 58 
Primum mobile, iii. 55 
Principal Alps, system of, xii. 21 
Printing, ii. 165 ; xi. 1 

mac] lines, xi. 11-16 

telegraph, iv. 56 

Prism, vii. 69 
Prismatic sjiectrum, vii. 67 
Pritchard, M., ix. 47 
Probabilities, ii. 73 
j Procyon and Sirius, i. 120 ; vii. 162 
; l*ropellors submerged, x. 157 
Pterocera oceani, xi. 64 
Ptolemaic system, vii. 174 
Puberty, viii. 78 
Pulsations of light, i. 203 

- of electric current, hi. 188 

iv. 18 

Putrefaction, i. 122 
Pyrenean basin, xii. 70 
Pyrenees, the, ix. 187 

system of, xii. 19 

Pyrheliometer, iii. 83 
Pyrometers, vi. 147 
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Quadrant, the, i. 105 
Quadrats, xi. 5 
Quadragesima, vil. 19 
Quadratures, xii. 44 
Quadnimaua, viii. C2 
Queen’s ware, ii. 142 
Queen bee, x. 179 
Querenne’s hydrometer, vi. 108 
Quinqnagesirna Sunday, vii. 19 
Quintilis, v. 150 


Kadiation of heat, vi. 148 

Kaihvays, ii. .‘^7 ; iii. 6 

Rain, i. 74 ; iii. 94 

Rain-water, ii. 103 

Raphael, ii. 135 

Reading and correcting, xi. 7 

Reaumur, vi. 1 55 ; viii. 133 

Reflector, vii. 1 21 ; ix, 34 

Refracting i)Owcr, vii. 101 

Refraction, vii. 89 

Relay magnets, iv. 7 

Reoscoi)e, or Re«>mcter, iii. 195 

Reporters, xi. 30 

Reporting, ra])id, iv. 94 

Republican bird, viii. 152 

Respiration, xii. 149 

Resurrection, vii. 9 

Reticulipora, xi. G7 

Retina, the, i. 89 ; ib. 203 ; v. 52 

Rliine, system of the, xii. 1 0 

Ring, mountains uf liic moon, iii. 47 

Riobamba, iv. 153 

River-navigation, ii. 20 

River-water, ii. 103 

Rivers, ii. 44 ; ix. 13G 

Roads, iii. 18 

Robbia, Lucca della, ii. 133 

Robinson (Jrusoe, v. IIG 

Rock-salt, xi. 85 

Rocks, xi. 117 ; ib. 42-G 

Roemer, i. 197 

Rogation, vii. 19 

Roman time, v. 149 ; vi. 4 

Romas, x. 180 

Rome, vii. G 

Romulus, V. 149 

Rooms, ventilation of, ii. 15 

Rosse, Lord, vi. 57 

Rotifer, animalcule called, vi. 201 

Russia, iii. 19 ; v. 173 ; xii. 91 

Rutherford’s thermometer, vi. 157 


Safety-lamp, iv. 188 
Saggers, ii. 132 
Saints’ days, vii. 4 
Salmon and perch, xii. 113 
Salses, xi. 115 
Saltj vi. 202 

glaze, ii. 140 

Samos, ii. 120 
Sanctorius, i, 123 
Sanguineous corpuscles, vi. 100 
Santorin, isle of, xi. 104 
Satellites, i. 03 
Saturn, i. 30 
Satyr, ix. 91 
Sauer, M., i. 117 
Savannahs, the, ix. 117 
Scales, microscopic, vi. 62 
Scavenging, iii. 5 
Schmidt, M., i. 53 
Schnorr’s white earth, ii. 153 
Schiihler, M., i. 74 
Science, iv, 14G ; ix. 193 
Scientific discovery, iv. 208 
Scotland, travelling in, iii. 25 
Screw-propellers, x. 158 ; ih. 1G5 
Sea, the, xi. 118 
Seasons, the, i. 5 ; v. 153 ; vii. 7 
Scjiward’s slides, v. 26 
Seleno-gra])]iical discoveries, iii. 4G 
Seminimis, iii. 19 
[ Septuagesima Sunday, vii. 19 
Seven, number, v. 143 
I Sevres, ii. 159 
1 Sewers, iii. 5 
Sexagesima Sunday, vii. 19 
Sexe.s, proportion of the, viii. 70 
Sextilis, V. 150 
Sexton lieetle, viii. 13G 
Sforza II., ii. 82 
Shaffner, M., iv. 126 
Shaksj)eare, iii. 118 ; ix. 203 
Shell of the earth, iv. 147 
Shell- fish, i. 123 
Shooting stai-s, i. 141 
Short sight, V. 198 
Shortest day, ix. 170 
Sidereal day, v. 127 
Siemen’s instrument, iv. 26 
Sight, V. 94 
Silica, ii. 141 
Silurian period, xi. 76 
Silver fi.sh or silver lady, vi. 62 
Silvia sutoria, viii. 148 
Simplon, Mount, iii. 23 
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Sinumbral lamp, ii. 207 
Sii)hoii barometer, iv. 182 
Sirius, vii. 162 
Skin, the human, vi. 95 
Small-pox, ii. 86 
Smeathman, Mr., ix. 119 
Smell, i. 87 ; ib. 195 
Smoke, v. 16 
Sneezing, ii. 80 
Snow, i. 18 ; iii. 71 ; ih. 95 
Soap bubl)les, vi. 200 
Soft iron, iii. 196 
Solar eclipse, xii. 163 

■ light, vii. 68 

— - microscope, viii. 178 

system, i. 5 ; vii. 169 

time, V. 139 

Solon’s months, v. 149 
Solstices, vii. 37 
Sothic period, v. 156 
Sounds and colours, i. 203 
South American peninsula, ix. 354 ; 
xi. 92 

Spain and Portugal, ix. 141 
Sijectacles, v. 193 

Spectra, optical, i. 85 ; v. 77 ; vii. 
73 

Spherical aberration, vii. 102 

distortion, vii. 105 

Spider’s nest, viii. 121 

web, vi. 202 

Spondylus, xi. 66 
Sju'ing equinox, ix. 166 

tides, vii. 13.5 

Squirrel, the, viii. 121 
Staffordshire potteries, ii. 139 
Stage coaches, i. 169 
Standard thenuometer, vi. 156 
Stanhope press, the, xi. 8 
Stars, i. 88 ; iii. 86 ; v. 67; vii. 148 ; 
viii. 11 

Statuary porcelain, ii. 168 
Stature, human, viii. 77 
Steam, iv. 168 ; v. 19 

boilers, vi. 121 ; x. 136 

engines, iv. 204 ; v. 2 ; vi. 120 

navigation, ii. 22 ; iii. 9 ; x. 113 

navy, x. 174 

power, iv. 195 

Stereoscoi)e, the, xi. 137 
Stewart, Dugald, v. 96 
Stone-ware, ii. 166 
Strabo, xi. 99 
Strata, xi. 46 ; ih. 52 
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Stromboli, xi. 114 

volcano of, iv. 171 

Strychnine, vi. 203 

Strive, M., viii. 12 ; xi. 195 

Style, old and new, v. 1 7.5 

Sun, the, i. 8 ; iii. 97 ; v. 62 ; ih. 124; 

vii. 29 ; ix. 167 
Sun-dials, vi. 2 
Sun-stones, i. 160 
Swedish iieninsula, xi. 91 
Syringes, v. 108 


TiENARUS, xii. 22 

Taming animals, methods of, viii. 174 
Triste, i. 87 

Teapot-lid, reason for perforating, v. 
3 07 

Teeth, viii. 173 
Telegraph cables, iii. 3 .57 

electric, iii. 115 ; iv. 8, 14, 

78 

Telegraphists, iv. 60 
Telescope, the, v. 126 ; vii. 192 
Telescopic nests, vi. 56 
Temperature, i. 90 ; iii. 67 ; iv. 148 ; 

vi. 147 ; ix. 167 ; xii. 3 
Tenues embia, ix. 97 

fatalis, ix. 97 

Tertiary period, xii. 123 
Tliames water, ii. 103 
Thaumatrope, the, v. 75 
Tliawing, iii. 76 
Tliermal equator, iii. 68 

springs, iv. 166 

Thermometer, i. 70 ; vi. 147 
Thorley, M., x. Ill 
Thunder and lightning, iv. 156 ; 
x. 177 

Thuringerwald, system of, xii. 16 

Tides, vii. 129 

Timbre, xii. 188 

Time, i. 109 ; v. 114 ; vi. 1, 5 

Time-pieces, v. 137 

“Times, the,” xi. 17-23 

Torricelli, v. 102 

Torrid zone, ix. 174 

Touch, organ of, i. 87 

Toulon and Innspruck, xii. 74 

Toys, optical, i. 89 

Traehytic mountains, xi. 80 

Trade winds, i. 36 

Transit instrument, v. 125 

Transparency, vii. 58 
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Treuille mine, xi. 126 
Triassic period, xii. 61 
Trilobites, xi. 59 ; xii. 56 


Ultimate atoms, vi. 206 
United States, ii. 56 ; iv. 89 
Universe, the, iii. 55 
Uranography of Saturn, i. 61 
Uranus, i. ul ; vi. 162 ; xi. 180 
Ursa major et minor, vii. 152-5 


Vague year, v. 156 

Val de Bove, xi. 109 

Valleys of elevation, xi. 116 

Valve, safety, v. 9 ; id. 182 ; vi. 146 

Vapour, ii. 1 05 ; iii. 87 

Vases, ii. 120 

Ventilation, ii. 13 ; id. 204 
Venus, i. 3 

Vernal equinox, v. 1G6 
Vesta, discovery of, vi. 165 
Vibration of musical strings, iii. 201 

of pendulum, vi. 8 

Vico, de, xi. 166 
Vienua porcelain, ii. 156 
Virgil, X. 3 
Visconti, J. G., ii. 82 
Vision, i. 83 ; v. 49 ; ix. 60 
Visual magnitude, viii. 98 
Vital air, ii. 14 

Vitreous liuraour of the eye, v. 52 
Voice in infancy, viii. 71 
Volcanic theories, iv. 175 
Volcanoes, ii. 79 ; iv. 170; xi. 98 
Voltaic battery, iii. 119 

current, il. 110 

pile, iii. 132 

Voluta elongata, xi. 64 
Vulcanisation, iii. 149 


Walker, Mr., iii. 142 

War-horse, the, ix. 207 

War- vessels, x. 124 

Ware, common, ii. 172 

Wasps, viii. 153 

Watch, the, vi. 28 

Water, ii. 98 ; iii. 74 ; v. 177 

beetle, vi. 86 

clock, vi. 4 


Water devil, vi. 82 

fly, ix. 93 

panic in London, i. 68 

spouts, iii. 88 

Watt, iv. 195 ; v. 41 
Waves, sonorous, xii. 187 
Weaksightedness, v. 56 
Wealden, the, xi. 61 
Weather, the, i. 73 ; iv. 186 
Wedgewood, Josiah, ii. 142 
Week, the, v. 139 
West Indian Archipelago, ix. 154 
Western Alps, system of, xii. 20 

or New Continent, ix. 149 

Westphal, M., xi. 184 
Whales, iii. 80 

Wheatstone, Professor, iii. 176 ; xi. 
140 

Whewell, Dr., vii. 138 
Whiston on the Deluge, ii. 90 
Whit Sunday, vii. 20 
White ants, ix. 98 

sea, ix. 140 

Whitwortli’s telegraphic report, iv. 
129 

Will-o’ -the- Wisp, ii. 199 
Winds, the, i. 20, 76 ; iii. 86 
Wine-making, i. 119 
Winter, ix. 170 

Wire, iii. 141, 195 ; iv. 189 ; vi. 199 
Wolf, the, viii. 164 
Wollaston, Dr., iii. 125 ; v. 201 
Wolverhampton, xi. 126 
Woman’s milk, vi. 107 
Women, average height of, viii. 76 
Wood fuel, ii. 2(il 
Worcester porcelain, ii. 165 
World, age of the, vii. 55 


Year, planetary, i. 36 ; v. 147 
Young, Mr., i. 205 


Zenith, i. 102 
Zetland, Lady, i. 190 
Zig-zag, iii. 203 

Zinc and copper battery, iii. 123 
Zodiac, signs of the, vii. 41 
Zodiacal light explained, i. 157 
Zoological stratification, xii. 26 



TX)NJ10X : 

RUAl»I}niV AND EVANS, I’lUNTERS, WlflTEVni AUfi, 



NEW WORKS 


-f- 


NATUEAL PHILOSOPHY FOE SCHOOLS. 

By Dionysius Lardner, D.C.L. Extensively illustrated. 1 Vol. 

[Preparing- 

II. 

ANIMAL PHYSICS; 

Or, the body AND ITS FUNCTIONS FAMILIARLY EXPLAINED. 
By Dionysius Lardner, D.C.L. Upwards of 500 Illustrations. 

1 Vol. small Svo. [Ncarlg Reaebj. 


III. 

A HISTOEY OF ENGLAND. 

By E. S. Creasy, A,M., Professor of History in University College, 
London. Witli IlJiistrations. 1 Vol. small Svo, {iLiriforni with i^chmitz' s 
History of Rome and Smith's History of (jreecc.) [Preparing. 


IV. 

LOGIC IN ITS APPLICATION TO LANGUAGE. 

By Dr. 11. Q. Latham, M.A., Author of “ The English Language,” &c. 
12uio, Gs. [Reudg. 

V. 

PHYSICAL OPTICS; 

Ob, the nature AND PROPERTIES OF LIGHT. 

A Deseriptive and Exi)erimental Treatise. By Bicharu Potter, A.M., 
Professor of Natural Philosophy and Astronomy in University College, 
London. 100 Illustrations. Svo, 65. (jd. cloth. [Read//. 

The Autlior'fi object has been to the want of a descriptive, experimental, 

and ]>opular Treatise on I’hysical Ojitics, shewing how the greater nuniber of the 
most important and beautiful experiments may be tried with homely and inex- 
liensive apparatus. 

VI. 

AN ILLUSTEATED CATALOGUE OF WORKS, 

Suited fur Presents and Prizes, published by Walton and Marerly. 
Small 8vo. Free hy post on apxdicatwn. [ Ready. 

VII. 

A DESCRIPTIYE CATALOGUE OF 

EDUCATIONAL WORKS, AND WORKS IN SCIENCE AND 
GENERAL LITERATURE, 

Published hy Walton and Marerly. 8vo. Free by post on application. 

[Ready. 


LONDON : WALTON AND MABERLY, 

UPPER GOWER STREET, AND IVY LANE, PATERNOSTER ROW. 



Fnblioatioii to Commence in December, 1856. 


PICTOKIAL ILLUSTRATIONS 


OF 

SCIENCE AND AET. 

WITH EXPLANATORY NOTES. 


A COLLECTION OF LARGE PRINTED SHEETS, EACH APPROPRIATED 
TO A PARTICULAR SUBJECT, AND CONTAINING FROM 
50 TO 100 ENGRAVED FIGURES. 


^HE purpose of the Editor is to place at the disposition of teachers a 
new and powerful means of oral instruction, by putting at one view 
before the pupil visible representations of the principal objects, 
phenomena, and processes comprised in each of the subjects to which 
these sheets are appropriated. The explanatory notes given upon the 
sheets, thougli necessarily brief, will be sufficient to remind the teacher 
of the points most necessary to be impressed on the memory of the 
pupil, and references will be given to the Text-books where he may 
find such further developments as he may think necessary. 

It will, in some cases, be found convenient to Lave the sheets pasted 
on card-boards, to bo suspended before a class. 

It is not without practical experience of its efficacy that the Editor 
offers this means of instruction in numerous departments of useful 
knowledge, having already tested its utility in the case of his own 
children. 


Among the subjects which will 
following : — 

MOTION AND FORCE. 

THE MECHANIC TOWERS. 

THE STEAM ENGINE. 

THE ELECT me TELEGRAPH. 

PUM1*S AND WATER-WHEELS. 
ELECTRO-META LLUUGY, 

STEAM NAVIGATION. 

THE MICROSCOPE. 


be immediately issued are the 

THE PRINTING-PRESS. 

WATCH AND CLOCK WORK. 

THE ASTRONOMICAL OBSERVA- 
TORY. 

THE SOLAR SYSTEM. 

COMETS. 

RAILWAYS AND LOCOMOTIVES. 
CHINA AND EARTHENWARE. 


The Price of the Sheets will be 6d. each^ and their size 22 by 28 inches. 


LONDON: WALTON AND MABERLY, 

UPPER GOWER STREET, AND IVY LANE, PATERNOSTER ROW. 



WORKS 


IN 

SCIENCE AND GENERAL LITERATURE, 

PUBLISHED BY 

WALTON AND MABERLY. 


Hand-Book of Mechanics. By Dionysius Lardncr, 

D.C.L. With 357 Illustrations. 1 vol. 12uio, cloth lettered, 5«. 

Hand-Book of Hydrostatics. B}’^ Dionysius Lardner, 

D.C.L. Pneumatics and Heat. With 2D2 Illustrations. 1 vol, 
12mo, cloth lettered, 5#. 

Hand-]iook of Optics. By Dionysius Lardncr, 

D.C.L, With 290 Illustrations. 1 vol. 12ino, cloth lettered, 5s. 

Hand-Book of Electricity, Magnetism, and 

Acoustics. By Dionysius Lardner, D.C.L. With 395 Illustrations. 
1 vol. 12mo, cloth lettered, 5s, 

Hand-Book of Astronomy. By Dionysius Lardncr, 

D.C.L, With 37 Plates, and ui>ward.s of 200 Illustrations on Wood. 
In 2 vols. each 5s., uniform with the “Hand-Book of Natural 
Philosophy.” 

Animal Physics ; or, the Body and its Functions 

fiiiailiarly explained. By Dionysius Lardner, D.(LL. Illustrated 
by upwards of 500 Engravings. 1 vol. small 8vo. (Nearly ready.) 

The Steam Engine, Steam Navigation, Roads, and 

Railways, Explained and Illustrated. A New and Cheaper Edition, 
revised and completed to the Present Time. By Dionysius Lardner, 
D.C.L. 1 vol. 12rao, illustrated with Wood Engravings, 8.v. 6(1. cloth. 

Gregory’s Hand-Book of Inorganic Chemistry. 

For the Use of Students. By William Gregory, M.D., Professor of 
Chemistry in the University of Edinburgh. Third Edition, revised 
and enlarged. 12mo, 5s. (id. cloth. 



WORKS OK SCIENCE AND GENERAL LITERATURE, 


Gregory’s Hand-Book of Organic Chemistry. For 

the Use of Students. 1 yoI. large 12mo. New and greatly improved 
Edition. 128. cloth. 

Familiar Letters on Chemistry. In its relations 

to Physiology, Dietetics, Agriculture, Commerce, and Political 
Economy. By Justus Von Liebig. Complete in 1 volume, foolscap 
8vo, 6s. cloth. 

Familiar Letters on the Physics of the Earth. By 

H. Buff, Professor of Physics in the University of Giessen. Edited 
by Dr. A. W. Hoffmann, Professor in the Royal College of Chemistry, 
London. Foolscap 8vo, 5s. cloth. 

Elements of Rhetoric ; a Manual of the Laws of 

Taste, including the Theory and Practice of Composition. By Samuel 
Neil, Author of “The Art of Reasoning.” Large 12mo, 4n. 6(/. 
cloth. 

The Book of Almanacs. With an Index of 

Reference, by which the Almanac may be found for every year, 
whether in old Style or New, from any Epoch, Ancient or Modern, 
up to A.j). 2000. With means of finding the Day of New or Full 
Moon, from b.c. 2000 to a.d. 2000. Compiled by Augustus Dk 
Morgan, Professoi- of Mathematics in University College, London. 
5s. cloth lettered. 

Lineal Drawing Copies for the Earliest Instruction. 

Comprising 200 subjects on 24 sheets, mounted on 12 pieces of thick 
pasteboard. By the Author of “Drawing for Young Children.” 
In a portfolio, bs. 6f?. 

Easy Drawing Copies for Elementary Instruction. 

By the Author of “Drawing for Young Cliildren.” Set 1. 26 sub- 
jects mounted on pasteboard. Price 3«. 6d. in a portfolio. — Set II. 
41 subjects mounted on pasteboard. Price 3^. 6f?. in a portfolio. 

The W oik may also be had (two Sets together) in one portfolio, 
price 6«. Qd. 

The New Testament Quotations : Collated wittf^ 

the Scriptures of the Old Testament in the original Hebrew, and the 
Version of the LXX. ; and with the other writings. Apocryphal, 
Talmudic, and Classical, cited or alleged so to be. With Notes and 
a complete Index. By Henry Gough. 8vo, 16s. cloth. 

Twelve Planispheres. Forming a Guide to the 

Stars for every Night in the Year. With an Introduction. 8vo, 
6s. Qd. cloth. 

Guesses at Truth. By Two Brothers. With an 

Index. Two vols. foolscai) 8vo, 10^. cloth lettered. 



PUBLISHED BY WALTON AND MABERLY. 


A Memoir of the Rev. James Crabb, late of South- 

ampton. The “ Gipsy Advocate.” By John Ruhall, of Lincoln’s 
Inn, Barrister-at-Law. 1 vol. crown 8vo. With a Portrait on Steel. 
6s. cloth. 

Far above Rubies. A Memoir of Helen S. 

Herschell. By her Bangliter. Edited by the Rev. Ridley H. 
Herschell. Foolsctip 8vo, 6s. 6d. cloth. 

Busine.ss as it is, and a.s it might be. By Joseph 

Lyndall. Crown 8vo, la. sewed, Is. 6d. cloth. 

This Work obtained the Prize of Fifty Guineas offered by the 
Young Men’s Christian Association for the best Essay on “ The Evils 
of the Present System of Business, and the Difficulties they present to 
the Attainment and Development of Personal Piety, with Suggestions 
for their Removal.” 

Ghristian Philosophy ; or, an Attempt to display 

the Evidence and Excellence of Revealed Religion by its Internal 
Testimony. By Vicesimus Knox, D.D., late Fellow of St. John’s 
College, Oxford ; and Master of Tunbridge School. Foolscap 8vo, 
2s. 6d. clotli. 

A History of Rome ; from the Earliest Times to 

the Death of Commodus, A.n. 192. By Dr. L. Schmitz, Rector of 
the High School of Edinburgh, Editor cf “Niebuhr’s Lectures.” 
New Edition. With lOO Illustrations on Wood. 1 thick vol. 12mo, 
78. 6d. cloth. 

A History of Greece. With Supplementary 

Chapters on the Literature, Art, and Domestic Manners of the 
Greeks. By William Smith, LL.D., Editor of the Dictionaries of 
“Greek and Roman Antiquities,” “Biography,” &c. Woodcuts and 
Maps. Post 8vo, Is. 6d. cloth. 

Minasi’s Mechanical Diagrams. For the Use of 

Lecturers and Schools, price 15it. coloured, illustrating the following 
subjects : — 1 and 2. Composition of Forces. — 8. Equilibrium. — 4 and 
6. Levers. — 6. Steelyard, Brady Balance, and Danish Balance. — 7. 
Wheel and Axle. — 8. Inclined Plane. — 0, 10, 11. Pulleys. — 12. 
Hunter’s Screw. — 13 and 14. Toothed Wheels. — 15. Combination of 
the Mechanical Power^ 

Logic in its Application to Language. By R. G. 

Latham, M.A., M.D., F.R.S. 12mo, 6s. cloth lettered. 

The Art of Reasoning ; a Popnlar Exposition of 

the Principles of Logic, Inductive and D^uctive, with an Introductory 
Outline of the History of Logic, and an Appendix on Recent Logical 
Developments. By Samuel Neil. Crown 8vo, 4s. 6d. 



WORKS PUBLISHED BY WALTON AND MABERLY. 


First Book of Natural Philosophy ; or, an Intro- 

duction to the Study of Statics, Dynamics, Hydrostatics, and Optics, 
with numerous Examples. By Samuel Newth, M.A., Fellow of 
University College, London. 12mo, 3.s. Gd, 

Elements of Mechanics and Hydrostatics. By 

Samuel Nkwtii, M.A. Second Edition, small 8vo, 7s. 6d. cloth. 

Dictionary of Greek and Roman Geography. 

Edited by William Smith, LL.D., Editor of the Dictionaries of 
“ Greek and Roman Antiquities,” and of “ Biography and Mythology.” 
With very numerous Illustrations on Wood. 2 vols. Volume I. 
(1100 pages), 11. 16s, cloth letteml. 

Parts 10 to 13, and 16, each 4s. Parts 14 and 15, each 6s. Part 17, 
completing the Work, nearly ready. 

Dictionary of Greek and Roman Biography and 

Mythology. Edited by William Smith, LL.D., (Classical Examiner 
in the University of London. Medium 8vo. Illustrated by numerous 
Engravings on Wood. Complete in 3 vols., 51. 15s. Gd. 

Dictionary of Greek and Roman Antiquities. By 

various Writers. Edited by Dr. William Smith. Second Edition, 
Revised throughout, with very numerous Additions and Alterations. 
1 thick volume, medium 8vo, with several hundred Engravings on 
Wood, 2L 2s. 

A New Classical Dictionary of Ancient Biography, 

Mythology, and Geography. Editetl by Dr. W illiam Smith. New 
Edition. 1 volume, 8vo, 15*. cloth. 

A Smaller Dictionary of Antiquities ; Selected 

and Abridged from the “ Dictionary of Greek and Roman Antiquities.” 
By William Smith, LL.D. 1 small volume, 200 Woodcuts, 7s. Gd. 
cloth. 

A Smaller Classical Dictionary ; Abridged from 

the larger work. By Dr. William Smith. 200 Woodcuts, crown 8ro, 
7s. Gd. cloth. 

A New Descriptive Catalogue of Educational 

Works, and Works in Science and General Literature, published by 
Walton and Maberly. Free by post to any one writing for it. 


28, UPPER GOWER STREET, AND 27, IVY LANE, PATERNOSTER ROW. 




